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reveals  subject  matter  eontsinsd  in  U.8,  Patent  Application  Serial 
Hoe,  426, ?H,  319,C!47,  and  390,521  entitled  "legatee  Injector,"  "High 
Pressure  Socket  and  Cooling  Naans'’  and  "Csatrollabls  Injector  for  Rackets, " 
respectively,  which  have  been  placed  under  Sucreey  Orders  issued  by  the 
Coasaissierisr  ef  &tfe@ftfee,  These  Secrecy  Orders  have  been  modified  by 
SiQimXTV  SSQOUtEasnKB  FIGHTS  and  a  PERMIT  "A",  respectively . 


A  gsorecy  Order  prohibits  publication  or  disclosure  o?  the  invention, 
or  any  material  informstlsm  tnih  respect  thereto.  It  is  separate  and 
distinct,  and  has  nothing  to  do  with  the  classification  of  Governnvnt 
contrasts. 

3y  ststute,  violation  of  e  Secrecy  Order  is  punishable  by  a  Pino  not 
no  escesd  $10,000  and/or  imprisonment  for  net  more  than  two  years, 

A  BBCUltm  REQUIREMENTS  PERMIT  authorises  disclosure  ot‘  the  Uv©nticrt 
or  any  materiel  information  with  respect  thereto,  to  the  extent  szi  forth 
by  the  security  requirements  of  the  Government  contract  whi  h  imposes  the 
highest  security  classification  on  the  subject  matter  of  tbv  application, 
accept  that  expert  is  prohibited. 

A  PSiSClT  "A"  authorises  disclosufs  of  the  subject  matter  of  tho  patent 
application  to  any  person  of  the  classes  hereinafter  specified  if  such 
person  is  known  to  fee  concerned  directly  in  en  official  capacity  iith  the 
subject  matter,  previdad  that  ail  reasonable  safeguards  are  taken  to  ocher* 
wise  protect  the  Invention  from  unauthorised  disclosure.  The  specified 
classes  srn: 

(a)  Any  officer  or  employee  of  any  department,  independent 
agency,  or  bureau  &£  the  Government  of  the  United  States, 

<b)  Any  parson  designated  specifically  by  the  head  of  any 

department,  independent  agency  or  bureau  of  the  Governnant 
of  the  United  States,  or  by  his  duly  authorised  subordinate, 
es  a  proper  individual  to  receive  the  disclosure  of  the 
above  indlcstsd  application. 

A  ?2?ifIT  "A"  also  authorises  disclosure  to  the  minimum  necessary 
number  of  person  of  known  loyalty  end  discretion,  employed  by  or  working 
with  United  Aircraft  Corporation  or  Us  Hcsnaeae  and  whose  duties  involve 
cooperation  in  the  development ,  manufacture  or  use  of  the  subject  matter 
by  or  fur  the  Government  of  the  Unite*  States,  provided  such  persons  are 
advised  o£  the  issuance  of  the  Secrecy  Order. 

Disclosure  of  these  inventions  or  any  material  information  vi»h  respect 
thereto  is  prohibited  except  by  written  consent  of  the  Ceassiseiones  of 
Fatanta  or  as  authorised  by  ehe  respective  permits. 

The  foragelTig  desa  not  in  any  way  lessor,  responsibility  for  ths  security 
of  the  euojsat  matter  as  imposed  by  any  Government  contract  or  the  provisions 
ef  the  existing  laws  relating  to  espionage  and  national  security. 
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MODULE  C omm*  St  I TSK 


A.  INTRODUCTION  AND  SUMMARY 

(U)  The  objectives  of  the  control  task»  in  tho  Phase  X  ASP  pmgtm 
ware  (i)  to  build  and  tost  the  valves  nosisd  for  high  pressure  combustion 
rig  tests  and  (2)  to  develop,  through  damans station  tasting,  the  corn- 
ponents  o!  these  valves  considered  critical  to  §  high  pressure  cryogenic 
engine.  In  addition,  the  control  isysta®  for  chs  engine  assembly  wns  to 
be  defined  concurrently  with  the  engine  eycla  analysis. 

(U)  To  accomplish  these  objectives,  a  ©ads  of  control  betsad  ea  propellent 
flow  metering  was  selected  after  preliminary  analysis  was  conducted  under 
the  Module  Design  subnank  -^Section  IV).  In  addition,  points  w@re  located 
in  the  flowpath  where  regulation  would  be  necessary. 

(U)  Of  these  regulation  points,  i*va  w«ro  considered  necssssry  to  operate 
the  high  pressure  combustion  rigs.  These  points  and  th«  applicable 
valves  wore  as  follows: 

1.  Total  oxidiser  supply  to  the  prsburner  regulated  by  & 
thrust  control  valve 

2.  Division  of  oxidisar  flow  between  the  primary  and  ths 
secondary  ^laments  of  the  preburnsr  injector  regulated  by 
a  flow  divider  valve 

3.  Total  oxidissr  flow  to  the  main  chamber  regulated  by  a 
mixture  ratio  valve 

4.  Fuel  supply  to  the  transpiration  cooling  passages  regulated 
by  a  shambs?  coolant  valve 

5.  Total  fuel  supply  to  the  preburne?  raguiatad  by  &  variable 
injector  srsa. 

(U)  Four  of  these  valves  ars  discussed  in  thie  Sgctionj  th®  fifth,  ® 
variable-area  fuel  injector  ultimately  associated  with  Ch®  prefeurnsr,  is 
discussed  in  Section  IX. 

(U)  Ths  electrical  ignition  systems  wars  also  defined  as  &  past  of  ths 
control  task  and  theas  systems  are  described  la  this  8*«&iefi«  Ths  igni¬ 
tion  system  performance  is  reported  in  the  prebutsar  and  main  burner 
test  Sections. 

(U)  Regulation  and  function  requirements  wore  defined  for  each  of  ths 
valvss,  and  ths  valve  types  wore  selected  to  satisfy  these  r&qulrdssnts 
in  a  configuration  suitable  for  late?  development  as  an  integral  part 
of  a  demonstrator  engine,  to  economical  approach  consistent  with  the 
Intent  of  this  program  dictated  the  use  of  ccissereiai  actuation  ays teas 
for  these  valves.  This  approach  also  allowed  ths  tast  pro$re®  te  con¬ 
centrate  on  the  valve  ai«menta  necessary  co  dss-anstrsta  high  pressure 
cryogenic  fluid  regulation  and  control. 


M7 


it  Urulaulffed) 


£r<i  E  5.H  i.  £ &CSK  tiiin  i*  rv&m  *  a  £*  3tA  .  'S-Kjefc  Mit  <  s>  4  «*# 

*  *  ~ *  ■  *  ■  -  “  *-  ”'•*  '■»  »*’  "*  ’■'»'  **J  —  *■  ■"  •"  •*  ■»“'j(‘  •»■•»»  »  *  **■«  V*-y  •'W 

Shis  task  y«s  es  define  the  apgin©  and  list  ssntroj  r«*u jvag^stg  in  §uf- 
fisiest  derail  to  permit  OMiytisal  design  of  the  control  alossnta  fey 
cospsssnt  control  system  asauf satarers «  To  this  end*  cfapl&ta  siaula- 
tiess  of  the  engine  (both  analog  and  digital)  in  a  lewgu&gs  red  fytast 
eoB&fti  to  she  industry  have  bam  forauistfcd  for  d&liv*ry  so  vendors. 

Thesis  sissy lotions  ora  described  in  Appendix  11, 

(’J)  ?art  of  the  control  teak  was  postpsmad  by  pro&tgsi  redirection  to  usa 
tags  stand  aqvi^ant  ingfcesd  of  the  thrust  control  vslvs  and  the  chasaber 
coolant  valve.  As  s  result,  ehs  thrust  control  valve  program  was  sus* 
ponded  when  the  detail  parts  mts  received  and  thas®  parts  were  placed 
in  storage,  Tha  ch«isb#r  coolant  vslve  program  was  suspends*!  while  cha 
detail  parts  ware  on  order  and  the  ordaru  were  sanceilsd. 

<U>  ?$nmtc  naslr  for  the  high  pressure  cryogenic  valves  were  eenaldsysd 
sufficiently  unique  to  rgquire  supporting  test  programs.  The  objective 
oi’  thess  pregrsrs  was  to  dsnsonstrsts  goal  configuritions  that  would  con¬ 
tain  liquid  nitrogen  8£  sirouistod  opar&tit*&  pressures  and  limit  ov«?bc«rd 
leakage  to  less  than  Vi  standard  cubic  sestiastera  of  nitrogen  par 
second.  This  sbjacgiv©  wag  accomplished, 

(U)  It  was  also  an  objective  to  seal  propellants  at  task  pt'canutee  from 
the  engine  cocibuagien  chambers  and  taoRasracs  this  by  li&lRlng  liquid 
nitrogen  Is&kags  through  the  valves  to  .10  standard  cubic  centissterfi  of 
nitrogen  gas  per  second.  This  objective  w&$  accomplishas  with  the  flow 
divider  valve  but  was  not  accomplished  with  the  mixture  r&fcis  valve.  Tbs 
mixture  ratio  valve  seal  perforates  was  adequate  for  stsgsd-coabustien 
rig  testing. 

(U)  Hagulstian  characteristics  cf  tha  flow  divider  valve  and  she  mi* turn 
ratio  valve  were  aasabiisfcsd  by  assenting  watar  flow  through  «h*  vsiyos 
from  a  gag  pressurised  supply,’  'those  data  ware  reduced  so  define  tbs 
valve  effective  flew  areaj,  sad  the  teat  results  v.  ra  in  agrestTsSinfe  with 
the  requirements  and  design  predict! erg  to  the  ©-  eat  thfet  no  modifica¬ 
tions  in  valve  regulation  war®  required, 

8.  MIXTURE  RATIO  VAkVE  m  SEAL  MQ 

l,  Hardy©?®  Beasyiptisn 

a»  Valve  Type  Sslsetissv 

(y>  Ths  misturo  ratio  vaiya  is  required  t©  regulate  she  osi4i«®r  iXm  to 
the  main  in j act©?.  Tilt  flows® tar  input  control  concept,  for  the  ®ngin« 
allowed  dafinition  this  ufsit  e@  &  gimpls  rsgulatl«g  and  shuSsff  valve. 

(G)  the  ©ixturs  rhtio  v&iva  design  re?piresent  wa«  to  pasg  1101  ©f  its 
design  flew  as  tha  %klm  opsvsting  point  carrs standing  to  ta©  1051  shruoc 
level  snd  aixtur®  mio  &£  7.  It, was  alio  raquirsd  fio  provide  shutoff 
for  th©  sain  ch saber  oxidise?  flew,  Valva  sffaotiva  ores,  operating  flow, 
and  pressure  drop  raquirejtsnfcs  ar§  shewn  in  figurs  SG4,  Ssvavsd  design 
soncepfs  ware  sketched  mi  $mtom&  ter  mlm&ien. 
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(t)  Tad  us  t iid  Selection  st»»j  v™  5k.  ivsluate  t  e  various  vsivs 

types  £i  *  jm  ths  required  sngiti  scj  Hear  ion.  “Hi*  evaluation  included 
the  aacuati  j  requirements  (load  capacity  ard  horsepower),  accuracy,  and 
general  pas'orraanne  criteria  (si*e,  pore  contouring,  mechanical  fnesibU- 
ity,  ole.).'  Detriled  analyst?  of  thats  candidates  is  discussed  in  tho 
following  ^ragrephs. 


(U)  As  the ; .ssult  of  tha  selection  study  a  butter Uy  valve  wai  selected 
for  the  raiK;  are  ratio  valve, 

b.  Valve  T$po  Selection 

(i)  Translating  Sleeve  Valve  Candidate  (See  tigurr  <05) 

(U)  T,i a  trap  elating  sleeve  valve  schem*  nes  a  flo*tyeth  typical  of  hoot 
oi&^vQ  valve*.  Shutoff  seals  are  located  if  the  Uouaing/slseva  area  to 
av  o,.d  the  al?sruative  of  having  pis  tort-mounted  oe.  Is  continually  .passing 
across  the  elges  cf  contoured  ports.  As  show,  itt  figure  205,  the  piston 
makes  contac:  with  these  seals  only  neo.  the  shutt-ff  end  of  tho  stroke. 
Th£;»  tainiair <s  valve  actuation  f.u-ca  re,  uiremor.ts  throughout  tho  engine 
operating  riige. 


Figv~je  205.  Mixture  hatio  Valve,  Sieevs  Typr  FD  16074B 
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<t!)  The  required  geesarrlc  flow  arse  was  establish**?  C3  a  fune*ion  of 
w*  **g  ij-ji'acattug  point.  Figure  205  is  a  piot  of  the  required  valve 
port  auvSiwu* tc  flow  area  as  a  function  of  thrusc  leve*  and  mixture  ratio. 


(U>  when  the  valve  turndown  ratio  was  determined,  the  maximum  port  width 
depended  only  on  the  vatVe  stroke.  Figure  20?  is  a  plot  of  this  rela¬ 
tionship,  A  valve-sising  fatally  of  curves  ic  provided  in  figure  208 ^  In 
which  valve  diameter  is  plotted  as  a  function  of  c^roke  for  venous 
ratios  of  maximum  port  width  to  vaive  circumference. 


(U)  Figure  209  in  a  piot  of  geometric  port  areas  as  t,  function  of  stroke 
for  2-inch,  2,5-inch,  and  3-inch  total  stroke  valves.  Figures  21 0,  211, 
ana  .U2  are  plots  of  the  respective  port  contours  for  these  valve  strokes. 
The  percent  error  in  flow  area  vs  percent,  positional  error  is  plotted  in 
figure  213  as  a  function  of  valve  tumdovn  ratio. 


(C)  The  axial  flow  forces  acting  on  the  valve  are  shown  in  figure  214 
as  a  function  cf  thrust  level  as  a  mixture  ratio  of  5.  A  corresponding 
horsepower  curve  is  shown  In  figure  215. 

(U)  The  inverted  pintle  type  valve  yields  considerably  higher  loads  than 
the  contoured  pert  sleeve  valve  (thus  higher  power  requirements)  because 
the  fluid  Induced  static  pressure  gradient  is  exposed  to  a  larger  area. 

(C)  The  mechanical  design  features  established  for  comparing  candidate 
sleeve  values  in  tht  mixture  ratio  control  function  ware  as  follows: 

1.  Inlet  and  outlet  also  to  be  4.00-in.  diameter  for  a 
maximum  fluid  velocity  of  60  ft/sec  at  100%  thrust  nominal 
flow.  rate. 

2.  Sleeve  flow  area  of  5. 30-in. ^  la  based  on  maximum  flow  and 
minimum  &P  condition  at  90%  thrust  and  7  to  1  mixture  ratio. 
Applying  tha  120%  capacity  requirement  to  the  physical  - 
maximum  port  total  area  resulted  in  an  area  of  6.50-in.  . 

3.  Sleeve  stroke  was  established  at  3.00-in.  with  4.00-in. 
diameter  slaave  and  minimum  sleeva  area  of  0.655-in,  . 

4.  Housing  losses  were  sat  at  4.5  times  velocity  head  at  rated 
flow  of  370  Ib/sac,  or  142  paid. 

5.  Required  shutoff  seal  loading  was  estimated  to  be  450  lb, 
and  piston  rod  seal  loading  under  maximum  pressure  condi¬ 
tions  was  350  lb. 

6.  Vail  thlcuness  was  sited  for  32,000-psi  yield  strength 
aluminum  alloy. 

(2)  Fintle  Orifice  Valve  Candidate  (See  figure  216) 

(U)  The  configuration  of  the  pintle  orifice  type  mixture  ratio  valve  is 
basically  the  same  as  for  the  other  components.  The  inlet  port  is 
90  degrees  from  the  axis  of  the  valve.  Shutoff  sealing  io  accomplished 
through  a  plastic  0-ring  seal  mounted  in  the  pintle. 
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Sleeve 


Figure  212.  Sleeve  Port  Contour  for  3.0-inch  FD  1S212 

Stroke  (Mixture  Patio  Valve) 


Figure  213.  Percent  Area  Error  vs  Percent  FD  18259 

Stroke  Error  far  Various  Valve 
Turndown  Ratios  (Mixture  Ratio 
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Figure  216. 


Cooldown  Diced  Outlet 

Mixture  Ratio  Valve,  Pintle 
Orifice  Type 


FD  16073A 


(U)  In  sizing  the  pintle  orifice  valve,  a  Halting  condition  occurs 
when  the  system  request  for  velve  flow  area  results  in  sufficient  pintle 
withdrawal  to  cause  a  drop-off  in  discharge  coefficient.  This  results 
in  operation  that  deviates  from  a  constant  percentage  contour.  This 
drop-off  effect  le  illustrated  in  figure  217,  where  the  flow  coefficient 
is  plotted  a  function  of  wall  diameter  for  various  valve  strokes. 

(U)  Figure  218  is  a  plot  of  required  geometric  flow  vs  percent  thrust 
and  mixture  ratio.  The  effect  of  pressure  recovery  in  influential  in 
this  analyais.  The  percent  recovery  factor  Is  shown  in  figure  219  as  a 
function  of  thrust  and  mixture  ratio. 

(C)  Figure  220  is  a  plot  of  axial  velve  opening  force  as  a  function  of 
percent  thrut-t  and  mixture  ratio.  Figure  221  is  a  plot  of  the  net  axial 
force  acting  on  the  pintle,  which  is  compensated  for  by  shaft  sizing,  as 
a  function  of  thrust  and  mixture  ratio.  Coupling  the  simulated  rig 
transient  data  with  the  forces  generated  in  figure  221  yields  a  power 
requirement  of  0.98  horsepower  (1.96  horsepower  if  no  force  rovarael  is 
allowed) . 

(U)  Operational  and  mechanical  problems  in  pintle  valve  schemes  with 
respect  to  concentricities,  sealing,  and  dirt  sensitivity  also  apply  to 
the  mixture  ratio  valve. 

(C)  The  housing  parts  end  pintle  body  Illustrated  in  figure  216  are 
aluminum  allay.  The  pintle  bullet  is  AMS  5735  (stainless  steel)  to  match 
the  thermal  characteristics  of  its  retuini>  j  bolt  and  the  valve  orifice. 
The  bearings  used  to  guide  the  pintle  arc  of  lead-  or  Teflon-filled 
bronze. 


Figure  221.  Net  Axial  Force  va  Percent  FD  18260 

Thrust  as  a  Function  of  Mixture 
Ratio  (Mixture  Ratio  Valve) 

(C)  The  mechanical  design  features  established  for  evaluation  of  a  pintle- 
orifice  valve  in  the  mixture  ratio  valve  ware  ns  follows: 

1.  A  2,60-in.  diameter  orifice  and  a  3-in.  stroke  wore  ©elected 
to  satisfy  the  flow  and  requirements. 

2.  Thrust  balance  of  the  pintle  valve  was  difficult  to  achieve 
because  of  uncertainty  of  £ha  an&lysia,  the  effaces  of  leak¬ 
age,  eccentricities,  and  the  static  pressure  distribution 
along  the  pintle.  The  vide  range  of  flows  and  pressure 
drops  means  unbalance  will  always  exist,  probably  in  the 
order  of  1000  lb  maximum  In  each  direction. 

3.  Confidence  in  the  threat  balance  ©f  she  pintle  valve  was  low 
because  of  the  wide  rang®  of  flow  and  pressure  drop.  Vari¬ 
able  effects  of  leakage i  eccentricity,  and  thatic  pressure 
distribution  may  ,,dd  +  1000  lb  to  tha  predicted  unb  lance, 
particularly  in  a  transient. 


W  Pintle  Vsttturi  Valve  Candidace 


(a)  Noncavitating  Venturi 

(C)  It  was  required  for  this  type  valve  that  ths  venturi  Sorest  pressure 
(static)  always  be  maintained  above  the  saturation  pressure  of  the  *Uiid* 
Figure  223  shows  that  below  60%  thrust  and  at  a  mixture  ratio  of  7,  cavi¬ 
tation  will  occur,  Ho  further  consideration  of  this  typo  valve  was  given. 
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Figure  222.  Throat  Pressure  ve  Percent  Thrust  Fil  18275A 
for  Noncavitacing  Venturi  Pintle 
Scheme  (Mixture  Ratio  Valve) 

(b)  C&vifcating  Venturi  (Sag  figure  223) 

(C)  To  maintain  cavitation  and  meet  stability  requirements  ,  the  venturi 
throat  pressure  (static)  must  net  exceed  the  saturation  pressure  of  the 
fluid.  Figure  224  illustrates  that  the  fluid  will  not  be  in  cavitation 
between  87  and  95%  thrust  et  a  mixture  ratio  of  7;  this  rules  out  ua« 
of  this  type  of  valve. 


Ccaiciown  Outitt 


- igure  223.  Mixture  Ratio  Valve,  Cavitating  FD  16076B 

Venturi  Type 


PERCENT  THRUST  -  * 


Figure  234.  Venturi  Throat  Pressure  vs  Percent  FD 
Thrust  for  Cavitating  Veniuri 
Scheme  (Mixture  Ratio  Valve) 
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(C)  The  mechanical  design  features  established  for  evaluation  of  a  navi¬ 
gating  venturi  valve  in  the  mixture  ratio  valve  selection  were  as  follows i 

1.  The  valve  housings  ware  32,000-psi  yield  strength  sluainua. 
except  for  a  throat  insert  to  avoid  cavitation  damage.  The 
stainless  steel  pintle  assembly  was  split  to  enable  assembly 
of  the  3hutoff  seal. 

2.  The  oavitating  venturi  valve  envelope  was  9  by  12  by  30  in., 
and  the  estimated  weight  was  70  lb. 

(A)  Ball  .alve  Candidate  (Gee  figure  225.) 

(U'V  A  ball  valve  has  much  the  same  performance  characteristics  and  actu¬ 
ation  requirements  as  a  butterfly  valve  and  it  offers  relatively  low 
actuation  forces  and  a  small  package  size.  Determination  of  these  char¬ 
acteristics  is  described  in  the  following  paragraphs. 
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Figure  225.  Mixture  Ratio  Valve,  Ball  Type  FD  16075A 


(U)  The  "K"  factor  used  in  determining  the  pressure  loss  across  a  ball 
veive  as  a  function  of  throat  pressure  of  angular  opening  la  given  in 
figure  226.  This  £  factor  may  be  used  to  establish  a  v«lve  flow-pressure 
drop  relationship  as  follows: 


when 


f 

Li  °v 

j 

b 


(P 


in 


?d) 


-  Pj  *  »  1  .-e  pressure  loss 

F.  «  Inlet  pressure  (total) 
in 

»  Discharge  pressure  (total) 
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■.**41 


0  **  Fluid 

V  ■  Velocity  of  fluid  sc  throat 
K  «  Loss  factor 


<U)  Since 

w  -  AV  ■»  Weight  Flow 

Then 


Solving  for  flow  rate: 

"  ■  <fln  -  Pd)  ]/^)  k 

Since 

K  ■  Function  of  angular  opening 
A  *  Function  of  angular  opening 


Figure  226.  K  Factor  for  Ball  Valve  vs  FD  17946 

Angular  Rotation 
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X  FACTOR 


(U)  For  a  rixud  pressure  drop  and  fluid  density  the  fisw  through  the  bail 
valve  is  a  unique  function  of  vulva  opening. 

(C;  To  sise  the  bnii  passage  diameter,  valve  f lange-ts-fleags  pres wra 
loas  was  plotted  as  a  function  of  passage  diameter  with  the  valve  full 
open.  Figure  227  indicates  that  at  a  required  pressure  loss  of  3S5  psi 
the  required  passage  diameter  ie  2-in. 

(U)  With  the  2-in.  diameter  passage,  the  required  angular  opening  was 
determined  as  a  function  of  thrust  level  sod  mixture  ratio.  (See 
figure  228.) 


(U)  The  effective  area  c-f  the  valve  as  a  function  of  angular  position 
was  established  by  lumping  the  K  factor  with  the  geometric  area.  Fig¬ 
ure  229  shows  thia  parameter  to  be  similar  to  that  ©£  the  butterfly  valve. 


(U)  To  establish  the  area  sensitivity  to  positional  error,  figure  230 
was  determined  by  taking  the  slope  of  ths  affective  area  curve  at  g  point 
end  dividing  the  slope  by  the  effective  area  at  the  point.  By  taking  a 
nujrber  of  points,  figure  230  vss  generated,  yielding  the  percent  ares 
error  per  positional  error  as  a  function  of  angular  position.  Within 
tne  required  range  of  operation,  the  sensitivity  characteristics  were 
similar  to  the  butterfly  valve. 


Figure  227.  Pressure  Drop  vs  Diameter  of  FB  18220 

Ball  Passage  (Mixture  Ratio 
Valve) 
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Figure  230.  Area  Error  for  Ball  Valve  and  FD  18255 

Constant  Percentage  Valve 
(Mixture  Ratio  Valve) 

(U)  After  integrating  the  pressure  profiles  in  the  hall  passage  and  estab¬ 
lishing  the  centroids  of  these  profiles,  the  net  flow  torque  was  eval¬ 
uated.  Figure  231  is  a  plot  of  the  dynamic  torque  acting  or.  the  boll 
valve  as  a  function  of  thrust  level  and  mi:.ture  ratio. 

(C)  An  area  rate  of  change  was  determined  from  the  simulated  rig  transient. 
When  this  area  rata  of  change  was  converted  to  angular  velocity  and  com¬ 
bined  with  dynamic  torque,  the  result  was  a  power  requirement  of 
0.42  horsepower. 

(C)  Ti.k  ’ochanical  design  features  established  or  evaluati  n  or  a  ball 
valve  in  the  mixture  ratio  valve  selection  were  as  follows: 

1.  A  2. 00- in.  diameter  hole  through  o  3.125-in.  diameter  bell 
was  selected  to  pass  120%  of  the  maximum  required  flow  at 
the  pressure  drop  required  for  100%  flow  with  the  ball  fully 
open. 

2.  Influence  of  1000-psi  allowable  bearing  stress  on  the  Teflon 
shutoff  seal  produced  33  in. -lb  of  torque.  The  influence 
seal  loading  on  shaft  torque  was  determined  to  be  53  In. -lb. 
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The  vequlrsd  nssdl*  fntlaif  b#?rinan  have  a  &390-lb  dynamic 
load  capacity  and  will  support  tho  4000-lb  hydraulic  load 
reaction  at  the  2480-psi  pressure  drop  condition. 

Total  shaft  torque  required  to  operate  tho  ball  valve,  exclud¬ 
ing  tho  hydraulic  unbalance  forces  acting  on  the  ball,  was 
75  in. -lb. 


5.  The  ball  valve  design  used  a  32,000-psi  yield  strength 

aluminum  alloy  housing.  The  ball  and  ahaft  were  Inconel  718. 


0  l— - 1 - - H== _ I _ J _ -J 

0  20  40  HO  80  100 
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Figure  231.  Dynamic  Torque  vs  Percent  FD  18242 

Thrust  (Ball  Valve) 


(5)  Butterfly  Valve  Candidate  (See  figure  232) 

(U)  Shaft  deflection  considerations  suggested  an  integral  disk  and  shaft. 
This,  in  turn,  required  a  split  main  housing  for  assembly.  Low  actua¬ 
tion  forces  and  high  durability  were  provided  through  the  ust  roller 
bearings  on  each  end  of  the  shaft.  1 >  accommodate  the  shutoff  venture, 
a  canted  shaft  with  uninterrupted  disk  sealing  surface  was  provided. 
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Figure  232.  Mixture  Ratio  Valve,  Butterfly  FD  16079A 

Type  Candidate 


(C)  The  canted  shaft  angle  and  sealing  mechanism  result  in  a  high  shaft- 
to-throat  diameter  ratio.  This  physi  -i  characteristic  affected  the 
basic  flow-pressure  drop  relationship  for  the  valve,  rhe  resulting 
effect  was  comparatively  low  valve  gain  between  60-  and  90-degree  valve 
opening,  because  of  this  relative  insensitivity,  a  60-degree  valve  open¬ 
ing  at  marlmum  flow  conditions  was  selected  for  conservative  sizing. 

Figure  233  in  a  plot  of  required  valve  di9k  position  as  a  function  of 
valve  throat  diameter  for  100%  and  10%  thrust  level  conditions.  The 
60-degree  valve  opening  at  the  120%  flow  point  is  shown  to  occur  at  a 
throat  diameter  of  3  Inches.  Figure  234  is  a  plot  of  valve  angular  open¬ 
ing  as  a  function  of  thrust  level  and  mixture  ratio.  The  valve  effective 
area  la  shown  as  <s  function  of  angular  opening  in  figure  ? 3.5 .  The  effec¬ 
tive  area  sensitivity  with  respect  to  positional  error  is  shown  in  figure  236. 

(C)  Figure  237  is  a  plot  of  dynamic  torque  as  a  function  of  thrust  level 
and  mixture  ratio.  From  a  simulated  engine  transient,  an  area  race  of 
change  requirement  was  establishei  for  the  mixture  ratio  control  valve. 
Coupling  the  dynamic  torque  with  t:he  angular  shaft  velocity  yielded  a 
maximum  power  requirement  of  0.49  horsepower.  A  cross-plot  of  dynamic 
torque  versus  angular  opening  for  various  mixture  ratios  is  mown  in 
figure  238. 
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Figure  235.  Butterfly  Angular  Opening  vo  DF  58761 

Effective  Aron  for  3. 0-inch 
Inlet  Oifjnutet  (Mixture  Ratio 
Valve) 


Figure  236. 


Area  Error  Per  Degree  in  Percent 
vs  Disk  Angle 


DF  58859 
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FO  18227  Figure  2 3£. 
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(C)  Tha  mechanical  design  features  established  for  evaluation  of  a  butter- 
f iy  valve  in  she  mixture  ratio  valve  selection  were  as  follows s 

1.  The  flow  area  was  sized  to  allow  120X  flov/  at  60-degrse  disk 
opening  *ma  440  oai  pressure  drop.  This  gave  a  3.00-in. 
disk  diameter  and  g  i.OO-ir.  ehaf':  diameter. 

2.  Shaft  loading  waa  determined  by  multiplying  100X  of  the  disk 
area  by  the  maximum  pressure  drop  of  2200  pai.  The  resul¬ 
tant  force  »as  15,800  lb.  This  load  was  divided  equally 
between  the  shaft  bearings,  allowing  for  component  forces 
associated  with  the  30-dugxee  shalt  tilt. 

3.  The  rndiu.  .oad  acting  on  the  shaft  roller  bearing  was 
6850  ib  A  suitable  roller  bearing  wbb  determined  to  be 
adequate  to  handle  this  ’oud  (neglecting  the  effects  of 
shaft  deflection  that  was  not  yet  calculated). 

t.  The  axial  force  tending  to  act  on  the  roller  thrust  bearing, 
which  is  located  at  the  end  of  the  shaft  opposite  the  drive 
spline,  is  7900  lb.  Ills  is  the  30-degree  component  of  the 
15,800  lb  load  on  the  butterfly  disk.  The  actual  thrust 
loading  cting  on  the  bearing  Lb  probably  closer  to  1000  lb 
for  two  reasons:  (1)  because  the  disk  is  partly  open 
(65  degrees)  under  maximum  loading,  about  1/2  of  the  thrust 
component  is  taken  out  in  the  radial  direction  because  of 
the  offset  shaft  geometry.  (2)  The  compensating  force  gen¬ 
erated  by  the  internal  pressure  acting  on  the  shaft  at  the 
exposed  drive  end  was  3000  pounds. 

(6)  Comparison  Summary 

(U)  Table  XXX  is  a  quantitative  summary  of  the  significant  features  used 
in  the  selection  study  of  the  different  valve  candidates.  Table  XXXI 
is  an  estimated  qualitative  summary  of  the  different  valve  candidates. 

c.  Design  of  Selected  Configuration 

(1)  General 

(U)  The  mixture  ratio  valve,  which  is  located  upstream  of  the  main  injec¬ 
tor,  is  a  butterfly  type  that  incorporates  a  shutoff  seal  for  the  oxidizer 
flow  to  the  main  burner.  To  accommodate  this  shutoff  feature,  a  canted 
shaft  with  integral  disk  was  selected  to  provide  an  unlnterruptc  1  disk 
sealing  surface.  This  resulted  in  a  higher  ratio  of  shaft  diameter  to 
throat  diameter  than  would  occur  in  a  90-dagree  design.  Incorporation 
of  the  disk  seal  in  the  mixture  ratio  valve  eliminated  the  need  for  a 
ncjparate  shutoff  valve  between  the  mixture  ratio  .  ..Ivc  and  the  injector. 

(U)  The  cantad  shaft  ana  disk  arrangement  required  a  split  main  housing 
for  assembling  the  valve.  It  was  also  necessary  to  incorporate  widely 
spaced  double  roller  bearings  to  support  the  loads  produced  by  the  maximum 
valve  pressure  drop.  Shaft  turust  bearings  were  incorporated  to  restrain 
uhe  shaft  against  the  flow-pressure  thrust  icsda  resulting  from  the  canted 
shaft.  These  flow  loads  were  minimized  by  presaure  balancing  the  shaft 
to  oppose  them. 
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tw  iflhie  h.sf.l.  Valve  Summary  Comparison 


ViJVM  C3*s*)i  date  j\£T.firks 


Butterfly  Valve  Appeared  the  smallest  and  mo.-’  compact  of  all 

the  valve  titidldutes  for  the  "ixlme  ratio 
control,  Simple  me  chan 1  am  with  low  actuating 
power  iequirementa.  How  characteristics 
have  built-in  constant  percentage  regulating 
tr&its.  Mixture  ratio  control  valve  required 
a  sealing  butterfly  flapper. 


translating  sleeve  Valve 

(inverted  Pintle;  Required  higher  ...t  nation  power  thou  bullet - 

fly  valve.  Constant  percentage  contour  on 
housing  more  uifficult  to  nachine  than  on  a 
ported  sleeve.  Frictional  effects  score  pro¬ 
nounced  thm  rotational  friction  effects  of 
outterfly.  Snail  area  metering  (when  sleeve 
plugs  to  housing  hurt*)  may  give  undesirable 
flow  characteristics. 

tComoureu  Port."  better  charact vr i st i i  s  than  inverted  pintle. 

flow  forces  act  cat  smaller  areas.  Possi¬ 
bility  of  temperature  (transient)  sensitivity 
as  well  as  dirt  sersi t 1 vi tv . 


Plot  ie  <Vlf  i  e 


Pintle  Venturi 
(cuvi Luting  and 
None  av I  tat ing) 


Appeared  la  roe  tampered  to  other  valve  candi¬ 
dates  -Shaft  and  pintle  area  load  compensa¬ 
tion  was  necessary  to  obtain  reasonable  actua¬ 
tion  power  requirements 

The  venturi  could  not  be  operated  wholly 
cavitated  or  wholly  non<avt:  at  vd  over  t  tic- 
entire  engine  operating  envehpe  lor  aixture 
ratio  control  application. 


ball  Valve  Constant  percentage  regulating  trait  inferior 

to  chat  of  the  butterfly  valve.  Offers  medium 
package  size  and  low  .ctua*  >n  power  require¬ 
ment.  Seal  erosion  ai.u  wear  could  he  3  prcblc ..1 . 


(This  page  is  Unclcisduidl 


(2)  Mechanical  Description 


cmnoENM 


(C)  lhe  mixture  ratio  valva  housing*  and  the  integral  diak-shaft  are  made 
of  Inconul  718.  Th#  4-lnch  dlamatar  lnlat  and  discharge  warn  aiaad  for 
a  maximum  oxidizer  velocity  oi  60  ft/eec  at  100X  thrust  and  a  mixture 
ratio  of  6.  The  valve  metering  area  was  aised  to  produce  a  pressure 
drop  ot  570  pai  at  10CX  thruat  and  a  mixture  ratio  cf  7.  This  condition 
fixed  the  disk  diameter  at  'i.O  inches  with  a  shaft  diameter  oi  1.125  inches 
The  Inxet  converges  at  a  10-degree  angle  and  the  dicchargo  diverges  at  a 
JO -degree  angle.  Dowel  pina  are  used  to  maintain  the  alignment  between 
t lie  cwo  valve  housings,  the  housing  flange  seals  are  Taflon  (AMS  2515) 
canted  metal  (AMS  7325)  stainless  steel  0-ringl  with  lnteraeal  vents. 

(U)  Continuing  effort  to  improve  the  operational  characteristics  of  the 
mixture  rntio  valve  produced  hardware  design  changes  in  three  significant 
ureas:  (1)  shutoff  seal  configuration,  (2)  dynamic  shaft  seals,  and  (3) 
actuator  mount  assembly.  Figurs  239  illustrates  the  Initial  dealgn  con- 
figur  ion.  Figure  24 0  illustrates  the  final  design  configuration. 

(U )  The  final  shutoff  seal  configuration  is  shown  in  figure  241.  This 
ho el ,  made  of  laminated  Kapton  and  FEP  Teflon,  replaced  the  original 
metallic  piston  ring  seal. 

(U)  Dynamic  lip-type  shaft  seals  ar^  used  on  the  spllnud  end  of  th*  ehaft. 

These  are  formed  lip  aeale  of  laminated  Kapton  F  and  FEP  Teflon 

(1.750-in.  OD  x  0.875-ln.  ID  (unformed)  x  0.035-iti.  thick).  Spring- 
loaded  Teflon  cup  seaLe  1. 125-ln.  nominal  OD  x  1.000-in.  nominal  ID  x 
0. 090-1 n.  cup  depth  are  used  on  each  aide  of  the  nitrogen  purge  cavity. 

The  »thcr  end  of  the  shaft  does  not  Incorporate  dynamic  seals.  Thfc  high 
pressure  on  tills  end  of  the  ahnft  is  contained  by  the  Inconel  718  cap. 

(U)  The  valve  actuation  system  consists  of  a  rotary  hydraulic  aeivo- 
actuiitor  utilizing  commercial  parts. 

(U)  Tent  stand  flowmeter  measurement*  of  total  flow  are  input  to  a  control 
Hyit^m  computer,  sending  an  ulectr.Uai  command  to  the  actuator  servovalve. 
Tiiu  servovalve  supplies  liydraulic  pressure  to  the  actuator,  which  eats 
t hr  mixture  ratio  valve  flow  area.  The  oxldlaer  flow  la  constantly  meas¬ 
ured  by  the  oxidizer  line  flowmeter  and  compared  with  the  programmed 

cvrputor  requirements.  An  error  signal  commands  the  servovalve  and 
mix  turn  ratio  valve  position  and  correction!  arc  made  until  the  actual 
flow  equals  the  required  flow. 

(U)  Tin.-  original  actuator  mount  assembly  wai  redesigned  because  of  exces¬ 
sive  flexure  during  operation. 

(U)  The  actuator  torque  required  to  turn  the  shaft  *.«  a  funet<on  of  thru**, 
and  Mixture  ratio  is  shown  In  figure  242-  The  major  portion  of  the  Jerque 
U  developed  from  flow  source*.  The  .eroalnlug  torque  is  requited  to 
overcome  the  resistance  of  che  dynamic  Heal:i,  bearings,  and  the  shutoff 
seal.  Tlie  actuator  torque  was  minimized  by  incorporating  roller  bearing* 
on  the  shaft. 
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Figure  23‘>.  Mixture  Ratio  Valve  Initial  Design  FD  18114 
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Figure  *40.  Mixture  Ratio  V'al’»c  Final  Design 
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Figure  241.  Mixture  Ratio  Valve  Shutoff  Seal  FD  19002A 


Figure  242,  Mixture  Ratio  Valve  '  orque  vs 
Percent  Thrust 
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(C)  '"hi  four  roller  bearing  wort  spaced  to  provide*  a  maximum  racial 
capacity  while  preventing  sxcfssivv  sr.guisr  ml  mil  fit  ».j  tin*  inner 

bearings,  The  load  dufisition  liidgrnfB  for  tin*  shaft  g'  itp  T.axlium  load 
condition  (100%  thrust,  r  =  '•)  Is  ni.uwti  in  i.nl>ic*  XXX  i  i .  Stress  levels 
fo-  other  major  parts  of  the  valve  are  also  presented  along  with  the 
angular  opening  relationship  of  the  shaft  to  the  butterfly  disk.  The  axial 
thrust  on  the  shaft  is  taken  by  two  roller  thrust  hearings.  The  maximum 
loc'i  shown  on  cacli  bearing  ectura  at  different  operating  conditions  ami 
is  a  result  of  the  shifting  of  the  shaft  thrust  load  during  the  valve 
excursion.  All  of  the  bearing  races  and  rollers  are  made  of  AMS  5630. 

The  materials  used  If:  separators  for  the  thrust  and  roller  bearings  are 
aMS  5613  and  AMS  5640,  respectively. 


(J)  Operating  Characteristics 


(C)  The  mixture  ratio  valve  was  designed  to  pass  120%  of  the  design  flow 
at  10UX  thrust  and  a  mixture  ratio  of  ?.  Figure  204  shows  the  operating 
requirements  for  the  valv<*. 

(U)  The  valve  effective  aiep  versus  disk  angle  is  shown  in  figure-  235. 
Included  In  this  curve  is  the  pressure  recovery  downstream  of  the  valve, 
as  well  as  the  valve  discharge  coefficient.  Related  to  his  curve  is 
the  disk  angle  versus  percent  thrust  curve  shown  In  I lgure  234.  The  area 
error  per  degree  versus  disk  angle  is  shown  In  figure  23b.  This  curve 
shows  that  the  vulve  operating  range  occurs  in  tit.*  section  of  the  curve 
where  the  area  error  is  essentially  constant  and  provides  an  accurate 
area  schedule. 


(b)  A  1-lncii  diameter  rotary  shaft  seal  test  rig  was  designed  and  parts 
were  procured  to  test  spring-loaded  Teflon  cup  seals  and  lip-type  avals: 
seal  materials  were  varied  throughout  the  test  program.  The  rig  wa9 
designed  to  test  two  type'  of  seals  simultaneously .  Duplicate  seal  rig 
materials  and  dimensional  .1 a 1 1 r  were  selected  to  simulate  corresponding 
mixture  ratio  valve  parts.  Figure  243  shows  the  rotary  shaft  seal  test 
rig  parts  in  exploded  detail.  The  lest  rig  assembly  is  shown  in  figure  244. 


bin.  DU  Shaft 


End  ‘Csp  f^gfigS 


jUtl  T«t  Segment* 
(Typical! 

Static  Seal* 
fTypIcah 


Rotary  Shaft  Seal  Test  Rig  Parts 
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Figure  24  3. 
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XXXII.  Allowable  Mixture  Ratio  Control 
Valve  Loads  and  Stresses 
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Inlet  Flange  76,000 
Outlet  Flange  70,000 
Split  Flange  ^5,000 
Bearing  Cap  Flange  98,000 


( C )  Tabie  XXX11 .  Allowable  Mixture  Aatio  Control 

j  1  '/t  Loads  ami  Stresses  (Continued) 
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( c )  Table  XXXI 1 .  Allowable  Mixture  Ratio  Control 

Valve  Loads  and  Stresses  (Continued) 
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Figure  244.  Rotary  Shaft  Seal  iest  Rig 
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2.  Test  Program  and  Test  Results 

(U)  The  first  mixture  ratio  valve  (F-J>sl><>)  t  ipletod  eight  build,  test, 
and  inspection  eyctos.  The  second  valve  (F-J5106)  completed  five  similar 
cycles.  Five  water  flow  calibrations,  three  environmental  endurance 
tests,  and  five  environmental  leakage  tests  were  performed  on  the  valves. 

(C)  An  11, £92  cycle  environmental  endurance  test  proved  the  st  uciurat 
integrity  of  the  valve.  Water  calibration  and  environmental  leakage 
tests  indicated  that  major  changes  In  actuator  support  hardware,  butterfly 
disk  seal  configuration,  and  shaft  seal  i.onf iguratiun  were  requited  for 
iptimum  performance. 

a.  Mixture  Ratio  Valve  K-  13460  (Reler  to  table  Xv.\  1  \  I  for  lest  Summary) 
(1)  build  No.  1 

(U)  The  Initial  build  of  rig  F~1J4(>(>,  w*  *cn  is  shown  in  figure  24‘j, 
incorporated  the  following  features; 

J.  iuf ram-eoated  aluminum  bushings  and  thrust  bearings 

2.  Graphite-filled  I'KU  leflon  Hal  Seal  shaft  seals 

i.  Seal  currier  inside  diunutets  and  lie  boil  t.ibwushet  silver 
plated  to  prevmi  gulling 

•».  Inlet  and  outlet  flange  static  presauie  taps 

).  ilu*  original  des  gn  hydraulic  ierwonetuator  and  mount 
bracket . 


(C)  Table  XXXITI.  lest  Sunsrsa-v,  Mixture  Ratio  Valve  F-33466 
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iin  i )  *  l*i  t  I  aiu'i'  p  *  !  ir.  « *  v  si. ill  'hmI  and  val  t:  interna; 

(  I  ||>:,IIV  •.‘•(its  ItMKl'd  t  >.  l  SMlVi1  Iv. 
f  l  ii »'  •*  './  ■  i.i'\  ■.  Mi*'  smIii  it. a;  i  a  1  i  li  r.il  i  «a\  n'anlti.. 


Best  Available  Copy 


CONFIDENTIAL 


(U)  For  tne  flow  torque  ccalo,  the  val  e  aatuator  was  removed  and  a  torque 
arm  was  attached  to  um  shaft  couriuv..  a  load  c»-si  was  used  to  measure 
applied  torque  at  various  shaft  po£l.icn»  <mJ  di  f !  erenl  tal  pressure  set¬ 
tings,  Internal  aha£t  and  suae  friction  reused  considerable  data  scatter. 
Externally  applied  mechanical  vibration  improved  vise  data,  tut  did  not 
eliminate  the  prob’ets.  The  torque  data  are  shown  In  figure  2^*8. 

(U)  After  the  flow  torque  tests,  the  valve  was  vacuum  baked  at  ldO°F  for 
2  bouts  to  determine  if  the  vacuum  hake  would  completely  dehydrate  the 
Internal  /alve  and  seal  vent  passages. 
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Figure  2**8.  Mixture  Rut!  t  Vat«i  i-iijii"  vs 
hi  f  f  er<‘nt  *  .1 !  s* re*;*: at -■ , 
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CbNFIDENM 

(U )  No  mo  l  a  Lure-  was  found  In  the  valve  assembly  during  disassembly.  Two 
purls  uf  tlUJ  ut'iyiiium'Luppt't  piiiluu  f{u}»  well  niaaiit>;  ciu!  SuiTn.  i  VC*V*  OXlc 
deposits  were  found  (n  the  valve  bearing  arena.  Ocher  parts  were  gen¬ 
erally  in  excellent,  condition  with  ro  other  evidence  of  damage.  No 
reason  for  the  inlet  flange  and  v  t*  rue4  »***••*«;*}-  - 

found  and  till  seals  and  ginndi.  were  In  good  condition, 

(U>  A  metallurgical  analysis  of  the  remaining  piston  ring  pieces  indicate 
tens1 Je  failure.  One  part  was  sheared  during  valve  closure,  as  shown  in 
figures  249,  250  and  251. 


Figure  .  ici.  tensile  Failed  Areas  et  .'ist  '  e-i  S  i  ’’  ’>'•$* 
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Figure  251.  Sheared  Area  of  Disk  Seal  Platon  FO  23434 

Ring  After  Test  on  Rig  F-33466-L 

(2)  Uul Id  No.  2  _ 

(U)  The  second  bulla  of  mixture  ratio  valve  F- 3 3466  incorp 'rated  the  same 
parts  as  build  No.  1  except  for  tne  following: 

1.  The  vent  seal  cap  was  raopernted  ior  incorporation  of  an 
additional  shaft  Bal-Seal  (reversed)  to  prevent  moisture 
intrusion. 

2.  Laminated  3UO-F-131  Rap  ton  (Kapion  F)  -  Hr  Teflon  primary 
and  secondary  lip  seals 

3.  A  laminaced  hapton-F-FEP  Teflon  disk  seal 

4.  A  revised  actuator  support, 

(.11)  The  revlaod  actuator- support  fully  enclosed  the  coupling,  ub  shown 
in  figure  252.  Internal  stops  veto  incorporated. 

(U)  Ttic  torque  required  to  rotate  the  shaft  at  ambient  temperature  was 
20  to  25  in- lb. 

(0)  The  mixture  ratio  valve  was  mounted  in  the  !i-22  stand  for  a  planned 
10,000  actuation  cv-le  cryogenic  endurance  test,  A  total  of  3375  shaft 
actuation  cycLea,  Including  500  shutoff  cycles,  was  .'ccumulated  during 
tiie  endurance  teat.  The  initial  2375  cycles  were  performed  at  50u  p*jig 
inlet  pressure.  An  inlet  •-ressure  of  2500  psig  was  mal.it  ained  from 
2  j00  to  3<jt>0  cycles.  All  snutoff  cycles  were  run  at  50  psig  Inlet  pressure. 
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fi  )  lairing  tin*  tent,  both  >  lie  Intel  and  outlet  Manse  piim.iiv  statin 
L -ring  leakages  extended  •'tie  f  Inwmeler  range '('i?,*1  seisf.  i/i--k  seal  ana 
primary  seal  U*a‘*>iK*'  are  ■shown  in  figure  ■  i,  bisk  s o .1 .  i.aknge  v*«> •  i *-»i 
inversely  will,  rig  temporal  nr**  Hb»  to  .’<>u°R)  unring  Hit  final  3/;  -» !  »i  t  - 
elf  1.  v  t-  Ins  ,  Hie  maximum  secondary  -eal  leakage  y.t  •  I.*.**  than  !  .  «  ■.«  s 
throughout  the  riiu.  In*  hydrant!*  pres  .ur>  r<>|uiitu  u  t'-oy  !  .a-  a*tu.uor 
vai  i e.|  t  rufii  lull  to  .Vu  jisiii. 

ii  !  ’.alvt  <!!•.!---<'!>■!>]*,  liter  the  tint  •  .fed  ■.  \  i  ,n-  !  >  si-i'i-i  v  *;.*  1  !  i  n>* 
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•-  e  I  i  I*|I  11  •  I  .  i  ei*  I  •  ■  uid  i  I  t  •  1. . 
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i  1 )  iju  1  i  »o .  3 

;i>  ! Mi-  third  bulla  of  mixture  ratio  uai.vi  F-13«»6&  was  ibe  same  an  build 
N't.  T  t:x<  rpt  for  t tit*  following  features: 

}.  1- tiler  shail  hearings  and  thrust  hearings 

2.  -jImii  stal  grot  v»-  iill*.  suit  NnS«t',t.v  V  -t*-!  il  spiav 

J,  V 1 1 1  t>  t  *  -  s  i  n  j  •  *-  <.i;hs  t  i  t  »t  ml  !t'i  all  To  t  1  un  •  eerie  4  metal 
(i  !tiH>.--  txo'  pi  I’-i  t  If  two  pri'uiiv  0- lings. 

(I’i  (he  tot-.jut  required  vo  relate  the  valve  at  ambient  tempera  I v«»s 
lilt)  to  IK  in- lb.  The  to*'qui  required  iu  rotate  the  shaft  into  «  >t. 

i'l  til"  ilis.V  ;;  ill  was  I  1  1  in-lb. 

tit  ile  w.tU-r  t  low  o.il  ihrot  ion  was  performed  or.  the  lt-31  test  stand  and 
the  result!  t  «•  chovn  in  figure  2^7. 

((:>  s.i*.*,i'mhlv  and  inspee.  ion  reveal  «’u  tin  following: 

1.  1  t  on  aXulr  deposits  wi  t  ;•  obSeiVed  "ti  the  I  i  ngs 

.  ih”  inelal  v,  i  ,;v  -,.ti  t>u  shall  disk  oacl  sevir.il  small  ,  nuis 

•  t*  tOf-s  the  g  t  i.t"  Vi*  r.ui  the  edges  ri1  slight  li  chipued. 
tSre  light.'  '» ‘ * ,  and 

t.  i  he  iiiitih  ii.imritr  o:  the  disi  sea’  was  slight  lv  :  raved 

is  sin  vn  i't  figure  .‘<.1. 

Inc  primary  .Ip  ;C1  h..d  a  slight  I'l.da1  fri.l  is1  the  Kauion 
•;t  t'>e  lip  edge. 
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(4)  SulH  No.  4 

(ll)  The  fourth  build  of  mi-tura  ratio  valve  F-33466  Incorporated  the 
following  changes  to  the  third  build  configuration) 

«.  The  shaft  disk  outside  diameter  wan  machined  and  nickel 
plated 

2,  A  laminated  Kspfcon-F  and  PEP  Teflon  disk  seal  (0.1.73-ineh 
thick)  was  used. 

(U)  The  corqua  required  to  rotate  the  valve  at  ambient  temperature  was 
as  follows) 

Rotation  out  of  disK'seai  —  -  330  ..-lb 

Clockwise  and  counterclockwise 
rotation  65-1*0  ia-lb 

Rotation  into  disk  seal  700  in-lb. 

(U)  The  water  flow  calibration  was  performed  on  the  B-21  test  stand  and 
the  results  are  shown  in  figure  262. 

(U)  Valve  disassembly  after  the  teat  revealed  thee  the  inside  diameter 
of  the  disk  soal  was  frayed  and  a  large  portion  of  the  nickel  plate  on 
the  shaft  disk  was  missing.  All  other  parte  appeared  in  good  condition. 


Figusra  262,  Hinture  Ratio  Valve  Effective  DF  58879 

Area  vs  Shaft  Position. 

Rig  P-33466-4 
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(5)  Build  No,  5 


(U)  The  fifth  build  of  mixtute  ratio  valve  F-33464  van  the  seme  as  build 
Ho.  4  except  for  the  following i 

1.  The  inside  disaster  of  the  laminated  Kapton-F  end  FBP  Teflon 
primary  and  secondary  lip  scale  was  increased. 

2.  The  shaft  disk  seal  groove  was  machined  and  filled  with 
Nichreme  V  metal  spray, 

3.  A  laminated  Sapton-F  and  FEP  Teflon  disk  seal  (0. 085>inch 
thick)  wee  uaed. 

4.  Disk  seal  rings  that  trapped  two  layers  of  Kaptoo-F  in  the 
_  primary  static  seal  grooves  were  uned. 

5.  Seal  rings  with  two  layers  of  laminated  Kapton-F  on  each 
aide  were  substituted  for  the  primary  o-rings. 

6.  All  secondary  0-ringe  were  vented  on  the  inelde  diameter. 

7.  Four  layers  of  Kapton-F  replaced  the  primary  0-ring  at  the 
inlet  flange.  The  mating  pressure  plate  compressed  the 
Kapton  approximately  50X. 

(U)  The  torque  required  to  rotate  the  valve  at  ambient  temperature  waa 
35  to  50  in-lb.  The  ambient  temperature  disk  seal  leakage  at  50  paid 

GN2  was  16.7  acca.  No  other  seal  leakage  wee  detected. 

•» 

(C)  The  mixture  ratio  valve  waft  mounted  in  the  B-22  tert  stand  for  a 
cryogenic  endurance  test.  A  total  of  .11,892  cycles  wns  completed  at 
Internal  pressures  up  to  4200  puig.  this  included  500  partial-stroke 
shutoff  cyclea,  9500  partial-stroke  control  cycles,  692  partlal-etroko 
response  teat  cyclea,  end  1000  full-stroke  shutoff  cycles. 

(U)  Disk  coal  leakage  at  50  paid  and  primary  seal  leakage  are  illustrated 
in  figura  263.  During  the  teat,  the  maximum  leakages  from  the  inlet 
static  seal  and  outlet  O-rlvtg  seal  wars  2640  sees  end  ^54  sees  6N2, 
respectively .  The  mnxirnum  seconder?  real  leakage  of  363  scca  occurred 
with  the  primary  eael  vent  capped »  however,  additional  leakage  was 
evident  from  the  valve  housing  cantwr  flange.  Vent  seal  leakage  remained 
lees  then  1.4  scca  throughout  the  teat.  The  hydraulic  pressure  required 
to  turn  the  valve  shaft  varied  from  100  to  180  peld, 

^U)  Hysteresis,  linearity,  and  frequency  response  teats  were  conducted 
wish  the  valve  controlled  by  'en  open  loop  circuit  as  illustrated  in 
figure  264.  Hysteresis  *$d  linearity  teste  were  conducted  with  valve 
movement  in  incremental  as'jps  of  approximately  20%  of  the  total  valve 
travel  <0  to  20%,  20%  to  40%,  etc.).  The  results  of  these  teaie  are 
presented  in  figures  263  ani  256.  A  linearity  test  was  conducted  with 
valve  movement  in  increasing  step  increments  <0  to  20%,  0  to  40%,  etc.) 
and  the  results  are  presented  in  figure  267,  Valve  frequency  response 
and  phase  lag  fcc  a  sine  wave  input  with  increesiag  frequency  era  shewn 
in  figures  268  and  f69. 
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Figure  2$4.  Control  System  Schematic,  Mixture  FJ)  22797 
Ratio  Valve  Rig  F-33466*>5 
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Figure  265.  Hystoroaie  vs  Shaft  Position  DF  33772 

(Fixed  Step  Increments) 
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Figure 


266.  Nonlinsarifcy  va  Val*/e  Shaft 

Position  (Fixed  Step  Increments) 
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Figure  J-b7.  h’onlinearlty  vs  Shaft  Position 
(Increasing  Step  Increments) 
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Figura  268.  Aaoiitu^s  Ratio  vs  Frequency 
(InXst  Pressure  »  0  psig) 
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Figure:  *69.  Amplitude  Ratio  vb  Frequency  OF  '8771 

(lalet  -Fraoswra  «  3000  paig) 
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(U>  Ths  two  loose  layers  of  Kapton°F  trapped  in  the  inlet  prisnry  0«tiO£ 
groove  by  the  disk  seel  ring  were  extruded  by  pressure  and  sheared, 
causing  the  high  primary  seal  leakage.  The  secondary  O-riog  was  not 
Installed  during  assembly. 

(6)  Build  Ho.  6 

(U)  Tho  alrih  build  of  mixture  ratio  valve  F-33466  waa  the  sesa  as 
build  Ho.  5  axcept  for  the  following: 

1.  Disk  teal  rings  shat  compressed  three  layer*'  of  laminated 
Kapton-F  in  the  primary  static  seal  grooves  approximately 
66%  ware  used. 

2.  A  laminated  Krpton  F-Kapton  it  disk  seal  (0.085  in.  thick) 
was  used. 

3.  Primary  static  seal  rings  ware  reworked  to  compress  two 
layers  of  laminated  Kapton-F  on  each  side  approximately  SOT.. 

4.  The  upper  bearing  spacer  outside  diameter  waa  silver  plated 
to  prevent  galling  with  the  thrust  bearing. 

5.  Tho  shaft  vent  seal  housing  inside  diameters  ware  silver 
plated  to  prevent  galling  with  the  shaft. 

(U)  The  torque  required  to  rotate  th*  valve  at  ambient  temperature  was 
cs  follows: 

Rotation  out  of  disk  seal  210  m.-lb 

Clockwise  and  counter¬ 
clockwise  rotation  25  in. -lb 

Rotation  into  disk  seal  325  in. -lb 

The  ambient  temperature  disk  seal  leakage  at  50  paid  GN2  was  15  sees. 

Ho  other  seal  leakage  wn a  detected. 

(€)  The  mixture  ratio  valve  was  mounted  in  the  B-22  test  stand  for  a 
cryogenic  endurance  test.  A  total  of  1500  cycles  was  complete  at  internal 
pressures  up  *o  6000  psig.  This  Included  5  partial-stroke  shutoff  cycles. 
20  partial-stroke  control  cycles,  end  1475  full-stroke  shutoff  cycles. 

(U>  Disk  seal  leakage  at  50  paid  is  shown  in  figure  2/4.  The  primary 
seal  vent  waa  capped  ■sen  the  leakage  exceeded  the  flowmeter  range 
(4720  sees)  at  20  cycles.  The  outlet  static  seal  leakage  exceeded  flow¬ 
meter  range  at  idQO  psig  inlet  pressu.e  (IQ  cycles)  and  was  capped.  The 
maximum  inlet  flange  static  seal  leakage  was  18.9  secs.  The  secondary 
and  vent  seal  leakage  remained  le&j  than  1.4  sees  throughout  the  test. 


Figure  274.  Dick  Seal  Leakage  ve  Shaft  Cycles ,  Mixture  Ratio  Valve  .tig  F-33466-6  0F  59122 


(U)  Valve  disassembly  after  teat  revealed  the  following: 

J 

l;  A  BflrfleK  af  th»  natal  tnrsv  araa  an  tho  shaft  disk  i5D  was 
broken  off  causing  the  high  disk  goal  leakage.  (See 
figure  275.)  The  disk  seal  appeared  in  good  condition. 

2.  The  lower  thrust  bearing  had  galled  slightly  with  the 
thrust  washev  as  shown  in  figure  276. 

3.  Th*  lip  seals  were  in  good  condition  and  capable  "f 
Ja. cycling  as  shown  in  figure  277. 

i.  The?*  was  evidence  of  bearing  cap  flange  separation 
from  the  laminated  Kapton  ring  primary  static  seal. 

5.  The  laminated  Kapton  V-ring  was  not  centered  in  the 
outlet  static  seal  groove. 


H  f»M 

Figure  275.  Shaft  Disk  After  Teat  of  KD  23444 

Rig  F-33466-6 
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Figure  ?76.  Lower  Thrust  Hearing  After  Test 
of  Rig  F-33466-6 
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Figure  277.  Lip  Seal  After  Test  of  FD  23443 

Rig  F-33466-6 

(7)  Build  No.  7 

(U)  The  seventh  build  of  mixture  ratio  valve  r-33466  was  the  seas  as 
build  No.  6  except  for  the  following: 

1.  The  shaft  disk  seal  groove  was  machined  and  filled  with 
silvsr-lithiura  (puddle  welded). 

2.  A  laminated  Kapton  F  (one  piece)  -  F£F  Teflon  dink  seal 
<0. 085-in.  thick)  was  used. 

3.  Standard  Tof ion-covered  metal  Q-rings  ware  used  for  the 
primary  static  seal  in  the  bearing  cove?  and  outlet  housing. 

4.  The  bearing  cover  flange  was  undercut  to  increase  effective 
seal  load. 

5.  The  thrust  plate  ID  was  silver  plated  to  prevent  galling 
with  the  shaft. 

4.  A  Tufram-coeted  thrust  bushing  was  substituted  for  the  inner 
thrust  bating,  and  the  macing  thrust  washers  were  silver 
plated  to  prevent  galling. 

7.  Lockwire  holes  wera  Incorporated  in  the  shaft  bolt  and  plug. 

(U)  Tbs  torque  required  te  rotate  the  valve  at  ambient  temperature  was 
as  follows; 

Rotation  out  of  disk  seal  400  in.-ib 

SW  and  CCW  rotation  5Q-52  in. -lb 

Rotation  into  disk  oesl  700  in.-ib 
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Ho  disk  seal  leakage  vas  detected  at  50  paid  GN2  pressure  (ambient 
temperature) . 

(C)  The  mixture  ratio  valve  was  mounted  in  the  6-22  test  stand  tor  a 
cryogenic  leakage  test.  A  total  of  3?  cycles  was  completed.  Included 
in  Che  total  were  5  partial-stroke  shutoff  cycles,  30  partial-stroke 
cycles,  and  2  response  teat  partial-stroke  shutoff  cycles.  Valve  inter¬ 
nal  pressures  varied  from  50  to  6Q00  psig. 


(C)  Disk  seal  leakage  at  50  paid  and  primary  seal  leakage  ere  illustrated 
in  figure  278,  The  primary  seal  vent  was  capped  when  the  leakage  exceeded 
the  flowmeter  range,  os  indicated.  The  outlet  primary  O-ring  leakege 
exceeded  the  flowmeter  renge  et  1000  paig  and  wus  capped.  The  maximum 
inlet  static  aaal  leakage  was  193  sees,  The  secondary  and  vent  seal 
leakage  remained  lest  than  1.4  sees  throughout  the  run.  Averse  valve 
response  to  a  step  input  was  1.04  milliseconde/degrce. 
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<U)  Valve  disassssiMy  after  te$t  reveled  @12  parti  were  in  good  condi¬ 
tion.  The  disk  seal  ID  was  slightly  frayed,  but  otherwise  satisfactory. 

(8)  guild  No.  g 

(U)  Tat  eighth  build  of  the  mixture  ratio  valve  wee  the  seme  as  build 
No.  7  with  the  following  exceptions t 

1.  A  looeeleaf  (OD  bonded)  Kapton  F-FEP  Teflon  disk  eeel  was 
used  (Q.0Q5~in,  thick  sheave  in  alternate  layers). 

Z,  The  interconnecting  primary  static  aael  vent  passages  in  the 
inlet  and  outlet  housings  were  plugged  to  isolate  the  leakages 
from  the  bearing  cover  primary  static  aeal*  housing  center 

flange  primary  static  seal,  and  primary  shaft  lip  and  static 
seals.  Separate  vent  outlets  were  added. 

3-  An  Inconel-supported  O-ring  of  laminated  Rap ton  F  (two 

layers)  ware  used  as  primary  static  seal  in  the  bsaring  cover. 

4.  Used  0-rings  were  employed  at  cue  outlet  flange  cover. 

5.  Both  main  housings  were  reoparated  and  two  0.175-24  bolts 
were  added  in  the  center  flange  bolt  circle  to  Increase 
flange  bole  load. 

<U)  The  torque  required  to  rotate  the  valve  at  ambient  temperature  was 
a?  follows t 

Rotation  put  of  disk  seal  120  in. -lb 

Clockwise  and  counter¬ 
clockwise  rotation  25-60  in. -lb 

Rotation  into  disk  seel  200  in. -lb 

(C)  The  valve  vaa  mounted  in  the  B-22  test  stand  for  an  environmental 

leakage  test;  35  cycles  were  completed  including  5  shutoff  cycles  and 

30  partial-stroke  .actuation  cycles.  Leakages  from  the  disk  seel,  pri¬ 
mary  shaft  and  static  eeel,  housing  center  flange  primary  static  seal, 
and  bearing  cover  Static  seal  are  shewn  in  figure  279.  The  housing 
center  flange  seal  vent  wai  capped  when  leakage  oxsoeded  the  flowmeter 
range  at  4000  paid  (35  cycles)  internal  pressure.  External  leakage  was 
visible  from  the  valve  canter  flange  after  thin  vent  wns  capped.  The 
secondary  and  vent  shaft  eeel  leakages  remained  less  than  1.4  sees  through¬ 
out  the  run.  The  autlot  primary  0-ring  static  seal  v«nt  was  capped  at 
15  cycles  (1000  paid)  tine  to  excessive  leakage.  External  flange  leakage 
was  visible  at  internal  pressures  above  2000  psia. 
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Figure  279.  Leakage  va  Actuation  Cycle*, 
Rig  F-33466-8 
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(C)  The  valve  waa  pulled  Iron  the  B-22  teat  stand  and  the  valve  center 
flange  torquaa  were  found  to  be  below  opacification.  Theae  bolta  ware 
ratorqued  and  tho  valve  waa  returned  to  tact.  The  valve  waa  preaauriaed 
to  $000  psig  internal  pressure;  and  external  leakage  from  the  valve  center 
flange  waa  still  evident.  After  test;  the  torque  required  to  rot&te  the 
valve  at  ambient  temperature  va*  as  follows s 

Rotation  out  of  disk  ee*l  20  in**»lb 

Clockwise  and  counter¬ 
clockwise  rotation  20-25  in. -lb 

Rotation  into  the  dick  seal  22  in. -lb 


(U)  Disassembly  of  the  valve  revealed  the  following! 

1.  The  disk  seal  was  in  good  condition,  although  the  outer 
layers  wore  sheared  by  the  static  seal  rings. 

2.  The  laminated  Kapton  F-FEP  Teflon  lip  sealc  were  in 
excellont  condition. 

j.  Portions  of  the  Kapton  F  on  the  bearing  cover  static  sell 
were  extruded  between  tho  flanges,  indicating  flonga 
separation. 

4.  The  reason  for  external  leakage  ct  the  valve  housing  center 
flange  was  not  evident. 

(C)  Tho  vaivu  housings  and  bearing  covor  were  assembled  using  Viton 
O-rings .  Tho  housing  assembly  was  etrosscoatod  and  hydrostatically 
pross’trn  tested  to  6000  psig  to  indicate  areas  of  high  stress  concen¬ 
tration.  Strcssco&f  patterns  appeared  on  the  bearing  covor  at  2500  psig 
and  on  tho  inlot  and  outlet  housings  at  4500  psig  internal  pressure.  The 
streaocoot  threshold  strain  indicated  tenslla  stress  oC  approximately 
34,000  psi  in  the  inlot  and  outlet  housings  and  61,000  psi  in  tho  bear¬ 
ing  cover  at  maximum  internal  proof  presauro  of  6000  psig.  Figures  230, 
281,  and  282  show  tho  stress  concentrations  that  occurred  during  the  test. 


Figure  280.  .’5  OK  Mixture  Ratio  Valve  Housing 

Assembly  Showing  Stresscoat  Patterns 
Due  to  6000  psig  Internal  Proof 
Pressure 
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(C)  After  removing  the  streaseoat  fchas  housirsg  asssaafely  mu  ag &t>*  nyero- 

sfcafcieslly  nraeaura  rait&A  fn  fc(lfri&opti 4o  p'JSSSUrS;  Ma»e»»a  ■««>* 

indicstad  approximately  QrQQl~in,  separation  *c  bh#  housing  canter  fl&nga 
and  0.006-in.  aepsrsticn  ®t  the  scaring  esvar  flange.  Farther  costing 
will  be  required  to  accurately  determine  flange  separation  or,d  incor-so- 

rate  design  corrections. 

h.  Mixture  Ratio  Valve  P-35106  (Safer  to  table  RXXIV  for  cast  aussaary,* 

(U)  Four  build,  test,  and  disassembly  inspection  cycles  were  completed 
on  this  valve.  The  fifth  build  wee  subjected  to  &n  environmental  loakags 
chock  and  installed  on  the  staged  combustion  rig.  Is  performed  satis¬ 
factorily  for  all  taste  on  chat  rig,  axesjft  fzt  excessive  acetic  seal 
leakage  during  the  maximum  thrust  runs, 

(1)  Build  No,  1 

(C)  Prior  to  assembly,  ths  outer  housings  were  Mgesbled  end  hydrostat¬ 
ically  proof  pressure  tasted  at  6G8Q-psig  was  a?  internal  pres8U>a. 

(U)  The  initial  build  of  iig  F-35106  incorporated  tbs  following  features* 

1,  Roller  bearings  throughout 

2,  A  solid  TFB  Teflon  disk  ssel 

3,  Kapton  F»FE?  Teflon  primary  and  secondary  lip-typa  shaft 
seals 

4,  Revised  actuator  support, 

(li)  The  revised  actuator  support  incorporated  Internal  stops  In  the 
actuator  and  fully  enclosed  the  coupling  ee  shown  ir.  figure  252.  'j 

(U)  The  water  flow  calibration  waa  performed  fey  positioning  the  valv® 
shaft  end  setting  specified  valve  differential  pressures.  Figurs  283 
shows  the  water  flow  calibration  results. 

(U)  Flow  torque  tost*  wore  performed  Ny  positioning  th&  valve  shaft, 
setting  the  valve  differential  pressure,  and  recording  feha  output  £?,  $ 
the  load  cell.  The  torque  data  are  shewn  in  figura  264, 

(U)  Poet-test  inspection  revealed  s  failed  Teflon  dlak  easl.  <8®a 
figure  285.) 


F^urs  283.  Mixture  Ratio  Valve  Effective  Area  DF  S‘)010 
vs  ShaVt  Poaitiov.,  Rig  F-'j510fe-X 
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Figure  2§A.  Toreua  vs  Differential  Frsssure  Sit  DF  590U 
Mixture  Ratio  Valve  Rig  F-33106-X 
life 
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Figure  285.  Teflon  Disk  Seal  After  Test  of 
Rig  F-351Q6-1 
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(2)  Build  No.  2 

(U)  This  build  of  mixture  ratio  valve  F-35106  incorporated  a  laminated 
Kapton  F-FEP  Teflon  material  disk  seal.  All  other  seals  and  0-rings 
were  reused  from  build  No.  1.  The  torque  required  to  rotate  the  valve 
at  ambient  tempaiocure  wog  800  In. -lb  to  rotate  out  of  th«  disk  seal, 
and  35-40  in. -lb  for  rotation. 

(U)  The  valve  was  mounted  in  the  B-21  water  flow  test  stand  and  the 
calibration  was  performed  by  positioning  the  valve  shaft  and  setting 
specified  valve  differential  pressures.  Static  seal  leakage  was  net 
evident  during  calibration;  figure  286  illustrates  the  flow  calibration 
results. 

The  torque  required  to  rotate  the  shaft  was  12  in. -lb  in  all  posi- 
Valve  disassembly  after  rest  revealed  the  following: 

1.  The  disk  seal  was  missing  except  for  a  piece  approximately 
1  inch  long  remaining  in  tha  seal  gland.  (See  figure  287.) 

2.  Moisture  was  present  in  the  cap  and  on  the  thrust  bearings. 

3.  Slight  iron  oxide  deposits  were  on  the  shaft  roller  bearings. 
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Figure  286.  Mixture  Ratio  Valve  Effective  Area  DF  38766 
vs  Shaft  Position,  Rig  F-351Q6-2 
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Figure  287.  Laminated  Kapton-FEP  Teflon  Disk 
Seal  After  Test  of  Rig  F-35106-2 
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:3)  Build  Ho.  3 

(U)  The  third  build  of  mixture  ratio  valve  F-35106  incorporated  the  aane 
parts  as  the  second  build  except  the-  following; 

1.  Graphite* filled  Teflon  Bal-Seala  <ia  back-to-back  vent 
shaft  seals 

2.  Seal  carrier  inside  diameters  and  tie  bolt  tabwaoher 
were  silver  plated  to  prevent  galling 
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5.  Shaft;  seal  groove  was  filled  with  Niehroae  V  ascel  spray 

4:  A  lisicstsd  K-SptCI:  ?  ssd  FHr  Tsflss  disk  S«*sl  uaM  tgeor- 
pore ted 

5.  The  inlet  flange  primary  O-ring  was  replaced  with  a 
0.015-inch  thick  laminate  of  Kapton  F.  The  mating  flange 
was  reoparatcri  to  cotap  rasa  this  laminate  by  3035,  and  trap 
it  in  the  gland. 

6.  Teflon-coated  octal  0-rings  were  incorporated  in  all  other 
static  seal  glands. 

(U)  The  mixture  ratio  valve  was  mounted  in  the  8-22  test  stand  for  a 
cryogenic  leakage  test.  Ho  operational  malfunctions  or  irregularities 
were  noted  during  the  test.  A  total  of  45  cycles  was  accumulated. 

(C)  Disk  seal  leakage  at  50  paid  varied  from  684  sees  to  1550  sees. 
Primary  seal  leakage  ( includes  primary  static  seals  and  pricary  shaft 
aeal)  exceeded  the  flowmeter  range  (4720  ccm)  at  inlet  pressures  in 
range  of  500  to  500G  psig.  The  seal  leakages  are  illustrated  in 
figure  288.  Mxxiaum  static  seal  leakage  at  the  inlet  flange  waa 
14  secs.  Static  seal  leakage  at  the  outlet  flange  varied  from  27  sees 
te  850  secs.  Average  valve  response  to  8  step  input  was  determined 
to  be  1.2  x  10“^  sec/deg. 

(U)  Valve  disassembly  after  test  revealed  the  disk  eanl  was  frayed  on 
the  inside  diameter  and  small  Kapton  F  particles  were  found  in  the  valve 
housings. 

(<*)  guild  No.  4 

(U)  The  fourth  build  of  mixture  ratio  valve  F-35106  had  the  seme  features 
as  build  No.  3,  with  the  following  exceptions: 

1.  A  looseleaf  stackup  of  Kapton  F  e.id  FEP  Teflon  disk  seal 
was  ujed. 

2.  The  inlet  flange  primary  0-ring  was  replaced  with  a 

0. 020-lnch  thick  laminate  of  0. 005-inch  Kapton  F.  The 
mating  flange  compressed  this  laminate  50X,  trapping  it 
in  the  gland. 

(U)  The  mixture  raVic  valve  was  mounted  in  the  B-22  test  stand  for  cryo¬ 
genic  operation.  No  malfunctions  or  irregularities  were  noted  during 
the  test  program*  during  which  a  total  of  30  cycles  was  accumulated. 

(U)  Disk  seal  leakage  at  50  psid  varied  from  198  to  300  sees.  Primary 
seal  leakage  (includes  primary  static  seals  and  primary  shaft  seal) 
exceeded  the  flowmeter  range  at  inlet  pressures  grestor  than  500  psig. 
Maximum  static  seel  leakage  at  the  inlet  flange  was  47  sees.  Static 
aeal  leakage  at  the  outlet  flange  varied  from  1.4  sees  to  2000  sect. 

Seal  leakage  summary  io  presented  in  figure  289. 

(U)  Valve  disassembly  after  test  revealed  small  cracke  on  the  inside 
diameter  in  the  Kapton  F  material  of  tha  primary  and  secondary  lip  seal*. 


321 


•«*  •  tsrmn  1 1  acute  tsesrfa 


U  vfi 
«  «  © 
>  «  i-> 

in 

!i  41  tn 
so  w  i 

2  2. 64 
S  K  U 


322 


(5)  Build  No.  5 


<U)  Tub  fifth  build  of,  Bixturs  ratio  valve  F-35106  and  actuator  assembly 
was  the  aeaa  as  build  No.  4  with  fcho  following  exceptions: 

1.  Solid  matal  rings  with  rectangular  cross  aaction  and  two 
layers  of  Kapton  ?  on  each  «J ie  ware  substituted  for  the 
primary  O-ring**  at  the  bearing  cover  Interface  and  at  the 
primary  shaft  seal  interface. 

2.  All  secondary  0-rings  were  vented  on  the  ID. 

3.  The  inside  diameter  of  the  laminated  Kapton  F  and  FEP  Teflon 
Primary  and  Secondary  Lip  Seals  waa  0,875-in.  (before 
forming) . 

4.  A  laminated  0,175-in.  thick  Kapton  F  and  FEP  Teflon  (loose- 
leaf  ID)  disk  seal  was  used, 

5.  Flange  bolt  torques  were  Increased. 

* 

(U)  The  torque  required  to  rotate  the  valve  at  ambient  temperature  was 
as  follows: 

Rotation  cut  of  disk  seal  275  in. -lb 

Clockwise  and  counter¬ 
clockwise  rotation  40-50  in. -lb 

Rotation  into  disk  seal  250  in. -lb 

(U)  The  valve  waa  mounted  in  the  B-22  teat  stand  for  an  environmental 
leakage  tost.  A  total  of  25  cycles  was  completed,  including  5  shutoff 
cycles  mid  20  partial-stroke  actuation  cyclss.  Leakage  at  the  primary 
eeal  vent  and  the  disk  seal  are  shown  in  figure  290,  The  secondary  and 
vent  peal  leakage  remained  loss  than  1.4  sees  throughout  the  test. 

(0)  The  valve  waa  returned  from  environmental  testing  and  given  a  thorough 
visual  examination  and  all  visible  areas  wsre  in  excellent  .ondition. 

The  valve  was  than  mounted  on  the  staged-combuBtlon  rig. 

(U)  During  staged  combustion  testing,  externsl  leakage  was  visible  at  the 
valve  center  flange  Interface.  Uhan  the  staged-combuatlon  rig  was  returned 
from  teat  for  parts  modification,  the  mixture  ratio  valve  waa  removed  from 
the  rig  and  visually  examined.  All  parte  were  in  excellent  condition. 

A  sheetmetal  cover  was  fabricated  for  the  valve  can*-*?  flange  and  bearing 
cap.  This  cover  enabled  the  leakage  to  ba  collected  and  routed  away  from 
the  rig.  The  valve  waa  reinstalled  on  the  rig  for  continued  testing,  after 
which  the  mixture  ratio  valve  remained  on  the  teat  stand  with  the  ataged- 
combustion  rig. 

(U)  Mixture  ratio  valve  35106-3  was  operative  during  a  total  of  34  firings 
for  573.1  seconds  of  hot  time  during  staged-combuatlon  testing.  No  mal- 
factions  were  noted  other  than  the  external  leakage. 


(IhU  pe««  U  Untleitlfied) 


Figure  290.  Leakage  vs  Cycles,  Mixture  Ratio  DF  59533 

Valve  Rig  F-35106-5 

c.  Rotary  Shaft  Seal  Test  Rig  (Refer  to  table  XXXV  for  test  summary.) 

(C)  The  rotary  shaft  seal  test  rig  was  designed  to  test  the  mixture  ratio 
valve  shaft  seal  packages.  Lip-type  seals  and  spring-loaded  cup-type 
gland  seals  were  tested  in  liquid  nitrogen  with  seal  differential  pres¬ 
sures  up  to  6000  +  psig.  An  exploded  view  of  the  initial  test  assembly 
was  previously  shown  in  figure  243.  Ten  build,  test,  and  inspection 
cycles  were  completed  on  this  rig.  The  final  lip  seal  design  of  laminated 
Kapton  F  and  FEP  Teflon  passed  the  10,000  actuation  cycle  and  500  pressure 
cycle  (0  to  5000  +  psig)  test  with  overboard  primary  shaft  seal  leakage 
less  than  1.4  sees  throughout  the  test.  The  10  environmental  endurance 
tests  completed  on  this  rig  are  summarised  in  the  following  paragraphs. 

All  tests  were  conducted  with  the  rig  submerged  in  liquid  nitrogen  ./-14_0?R) . 
Actuation  cycles  were  performed  with  5000  to  6400  psig  rig  inlet  pressure. 
Pressure  cycles  were  to  5000  4-  psig. 
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(C)  Table  XXXV.  Test  Suasoary,  Rotary  Shaft  Seal  Test  Rig  F- 33443 


(C)  Table  XXXV.  Test  Suamacy,  Rotary  Shaft  Seal  7z st  Rig  F- 33443  (Continued) 
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U>  build  no.  i 


(a)  Objective 

<U)  Thin  build  of  the  rotary  shsit  seal  teat  rig  was  to  investigate  tha 
leaksgs  and  andurense  of  graphite-filled  teflon  Bal-Ssals  and  Mylar/Teflon 
(TFE)  Up  seals-. 

(b>  Configuration 

(C)  The  test  rig,  which  was  previously  shown  in  figure  2A4,  ir.corpo*'?tas 
a  pneumatic,  translating  actuator  (5-inch  diameter  piston)  that  rotnt«o 
the  rig  shaft  through  a  linkage  assembly,  The  rig  shaft  wan  chrome- 
plated  AMS  5725  stainless  steel  with  a  6  microinch  average  surface  rough¬ 
ness.  Prior  to  cryogenic  teat,  tha  rig  was  hydrostatically  proof  pres¬ 
sure  tested  at  6000  paig  water  and  then  vacuum  baked. 

(c)  Test  Summary 

(U)  During  initiul  cycling  of  F— 33443-1  the  shaft  alignment  bushing  \d 
aliopod  from  the  actuator  adapter  bracket  and  had  allowed  the  unsupported 
adapter  shaft  to  bend.  No  meaningful  seal  leakage  data  wera  taken. 

(U)  The  rig  was  disassembled  and  water  was  found  in  all  usgmsnta  of  the 
rig.  This  was  attributed  to  the  rig  vent  lines  that  were  not  tightly 
capped  prior  to  removing  the  rig  from  LN2  environment. 

(U)  The  shaft  and  adaptor  shaft  wera  galled  at  the  pinned  connection. 

The  shaft  was  also  bent  approximately  0.050-inch. 

<C)  The  secondary  Bal-Seal  had  a  small  chip  in  the  inside  diameter  seal¬ 
ing  lip.  All  the  primary  static  Teflon  coated  metal  O-ring  seals  net 
rigidly  contained  at  the  inside  diameter  had  a  scalloped  appearance;  cnia 
was  attributed  to  pressurization  of  the  static  seal  vents  during  tha 
6000-paig  hydrostatic  water  test. 

(2)  Build  No,  2 

(a)  Objective 

(U)  This  build  of  the  rotary  shaft  seal  test  rig  was  to  investigate  the 
leakage  and  endurance  of  graphite-filled  Teflon  3al-Sesls  and  Mylar/Teflon 
(TFE)  Up  seals. 

(fe)  Configuration 

(0)  The  second  build  of  tha  Rotary  Seal  Tost  Rig,  shown  in  figure  Vi l,  was 
tha  saws  as  build  No.  i.  Actuation  and  pressure  cycle  rates  for  these 
teats  wseo  each  approximately  10  cycles  per  minute. 
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Figure  291.  Rotary  Shalt  Seal  Test  Rig  Leakage  FD  20151A 
vs  Cycles  for  Rig  r -33443-2 

(c)  Test  Sujsmary 

'C)  Leakage  measurements  with  the  shaft  stationary  wero  taken  prior  to 
shaft  cycling,  prior  to  the  presoure  cycle  period,  and  during  the  pres¬ 
sure  cycle  period.  All  other  leakage  measurements  were  taken  during 
actuation  cycling.  Inlet  pressure  to  the  rig  varied  from  5000  to  6400  psig 
during  actuation  cycling.  The  leakage  rates  for  the  various  seals  tested 
are  ahown  in  the  curves  in  figure  291. 

(C)  After  10,000  actuation  cycles,  the  actuator  was  stopped  and  the  rig 
was  subjected  to  250  inlet  pressure  cycles  (0-5000  +  psig).  Final  seal 
leakage  measurements  were  taken  during  an  additional  115  actuation  cycles 
conducted  after  the  prossure  cyclos. 

(U)  After  completion  of  these  tests,  the  teardown  inspection  revealed  the 
following} 


1.  Ho  moisture  was  evident  in  tho  rig. 

2.  Alight  contamination  was  found  on  all  shaft  seals  and  in  glands. 

3.  The  primary  Bal-Seal  was  split  at  the  base  of  the  seal  as 
shown  in  figure  292, 

4.  The  primary  lip  seal  Teflon  was  split  at  two  locations  on 
the  formed  radius  as  shown  in  figure  293. 

(U)  Leakage  past  the  primary  Bal-Seal  increased  by  a  factor  of  6  between 
40  end  100  pressure  cycles.  The  seal  apparently  failed  during  this 
period.  It  was  not  possible  to  determine  when  the  primary  lip  seal  failed 
because  of  fluctuating  leakage;  it  Is  presumed  to  have  failed  during  the 
pressure  cycle  period. 
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The  end  plated  were  reoperated  to  accept  graphite-filled 
Teflon  Sal-Seals  that  were  used  to  isolate  the  vent  cavities 
from  Che  LN2  bath. 


A  shaft  fabricated  of  AMS  5735  (stainless  steel)  was  ua<*R 
with  c  measured  surface  finish  of  3  to  5  microinch  surface 
roughness. 


(c)  Teat  Sunmary 

(C)  A  total  of  500  pressure  cycles  was  completed.  Pressure  cycling  was 
done  with  the  rig  shaft  stationary. 


<U)  The  primary  Bal-Seal  leakage  was  120  scco  prior  to  cycling.  During 
the  test,  the  primary  Eal-Seal  leakage  varied  from  120  to  376  sees.  The 
leakage  rates  for  the  seals  tested  are  shown  in  figure  294. 


(U)  The  rig  was  disassembled  and  a  split  was  found  at  the  base  of  the 
primary  Bal-Seal  as  shown  in  figure  295.  A  small  amount  of  contamination 
wns  found  on  all  shaft  seals  and  in  the  glands. 
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Figure  2-*'s.  Rotary  Snart  Seal  Test  Rig  Leakage  FL  *U074A 
vs  Cycles  for  Rig  F-33443-3 
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Figure  295,  Primary  Hal-deal  After  Test 


(A)  Built!  St'.  A 


FD  20068A 
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(a)  Ob J vc live 

(U)  Thin  build  of  the  rotary  shaft  seal  Lest  rig  was  to  investigate  the 
leakage  and  endurance  of  TFE  Teflon  Hal-Seals  and  Mylur/FEP  Teflon  lip 
lea  Is 

(b)  Configuration 

(U)  The  fourth  build  of  the  test  rig  is  shown  in  figure  296.  Further 
modifications  of  the  seal  rig  were  as  follows: 

1.  The  primary  Teflon-coated  metal  O-ringa  at  the  primary 
and  secondary  lip  seal  were  omitted. 

2.  Teflon  coated  metal  O-rlngs  were  used  on  the  Bnl-Seal  end 
of  the  rig. 

(<:)  Test  Summary 

(C)  A  total  of  10,000  shaft  cycle  ind  SCO  pressure  cycles  was  con;plec?d , 
Pressure  cycles  were  accomplished  at  four  inteivala  of  approximately 
2000  actuation  cycles.  At  each  inter. ...  the  rig  was  subjected  to  123 
pressure  cycles.  During  the  pressure  cycle  period,  shaft  actuation 
cycling  continued. 

(C)  Leakage  at  the  vent  Uni-Seal  exceeded  the  established  limit  of  10  seen 
at  approximately  5500  shaft  cycles.  The  leakage  rates  for  the  seals 
tested  are  shown  in  figure  296 
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Figure  29b,  Rotary  Shaft  Seal  Test  Rig  Leakage  FC  20Q7SS 
vs  Cycles  for  ?dg  F-334<*3~4 


(U)  After  completion  of  these  tssts*  the  taardovn  inspection  revealed 
the  following: 

1.  The  primary  Bai-Seni  was  split  at  the  corner  of  tbn  base 
surface  and  the  inside  diameter,  ae  shewn  in  figure  297. 

2.  The  primary  lip  seal  had  superficial  fatigue  cracks,  ag 
shewn  in  figure  298,  but  could  not  be  made  to  leak  dur¬ 
ing  post  disassembly  testing. 

3.  A  small  amount  of  con Z ami net ton  was  found  on  the  secondary 
and  vent  Bai-Sealu.  A  powdery  Teflon  wear  residue  uas, 
found  in  the  lip  seal  end  of  the  rig. 

A.  Figure  299  shows  ail  of  the  dynamic  seals  tested  on 
rig  F-23443-i. 
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Figure  298.  Primary  Up  Seal  After  Teat 


FD  2007 1A 


(Thit  page  is  Unclassified) 


Figure  299.  All  Dynamic  Seals  Tested  on 
Rig  F-33443-4 


FD  23446 


(5)  Build  No.  5 
(o)  Objective 

(U)  This  build  of  the  rotary  shaft  seal  test  rig  was  to  Investigate  the 
leakage  and  endurance  of  graphite-filled  Teflon  Bal-Seale  and  laminated 
and  stacked  500  F-131  Kaptcn  (Kapton  F)  and  FEP  Teflon  lip  seals. 

(b)  Configuration 

(U)  The  fifth  built  of  the  test  rig  is  shown  in  figure  300.  Further 
modifications  of  the  seal  rig  were  as  follows: 

1.  The  laminated  Kapton  F  and  FEP  Teflon  lip  seal  was  mode 

by  fusing  three  pieces  of  500  F-131  Kapton  (0.005-in.)  and 
one  piece  of  FEP  Teflon  (0.020-in.).  The  laminate  was 
fused  at  525°F  for  15  minutes  at  approximately  10  psia  load. 

This  seal  was  used  as  the  primary  lip  seal. 

2.  A  stacked  Kapton  Y  and  FEP  Teflon  lip  seal  was  used  as  the 
secondary  lip  seal.  It  consisted  of  three  pieces  of  500  F-131 
Kapton  und  one  piece  FEP  Teflon. 

(c)  Test  Summary 

(C)  A  total  of  10,000  shaft  cycles  and  500  pressure  cycles  was  completed. 
Pressure  cycles  were  accomplished  at  approximate  intervals  of  2000,  4000, 
6000,  and  8000  shaft  cycles.  The  rig  was  subjected  to  125  pressure 
cycles  at  each  interval.  Shaft  cycling  continued  luring  the  pressure 
cycle  period. 
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Figure  300.  Rotary  Shaft  Seal  Test  Rig  Leakage  KD  22247A 
vs  Cycles  for  Rig  F-33443-5 


(C)  Leakage  rates  experienced  during  the  test  were  highest  prior  to 
cycling;  the  primary  Bal-Secl  leaked  at  a  rate  of  37.5  sees.  This  leak¬ 
age  decreased  to  less  than  1.4  sees  afeer  3000  shaft  cycles.  However; 
immediately  after  the  second  and  third  pressure  cycle  series,  detectable 
leakage  recurred  (9.8  sees  and  10.8  sees,  respectively).  All  other  seal 
leakage  rates  during  the  tut  wore  loss  than  1.4  sees.  The  leakage  rates 
for  the  seals  tested  are  shown  in  figure  300. 

(C)  Cycling  was  stopped  after  completion  of  10,000  shaft  cycles  and  500 
pressure  cycles.  Minor  installation  alterations  were  made  so  that  the 
secondary  lip  seal  could  be  pressurized  to  5000-6400  psig.  However, 
when  pressurizing  this  seal,  secondary  0-ring  seal  leakage  under  outs  id a 
diameter  pressurization  prevented  isolation  and  pressurization  ot  the 
secondary  seal.  The  test  rig  was  removed  for  disassembly. 

(U)  The  teardown  Inspection  revealed  the  following: 

1.  All  Bal-Seals  had  slight  inside  diameter  wear.  Ho  split¬ 
ting  was  detected  and  seal  appearance  was  good. 

2.  The  primary  lip  seal  (bonded  Kapton  F  and  FEP  Teflon)  had 
superficial  fatigue  cracks.  (See  figure  301.)  Microscopic 
observation  Indicated  that  these  cracks  occurred  in  the 
intermediate  lasers  of  the  Kapton  film. 
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A  white  residue  wan  found  on  the  primary  and  secondary  lip 
seals  and  on  the  retainers.  X-ray  Inspection  of  this  resi¬ 
due  revealed  Teflon  particles.  A  more  complete  analysis 
could  not  be  made  because  of  insufficient  material  sample. 


No  evidence  of  moisture  was  found  in  the  rig. 


figure  303  allows  nil  of  the  dynamic  seals  tested  on 
rig  F-33443-5. 


Figure  301.  Primary  Lip  Seal  After  Test  on 
Kig  F-33443-5 


FI)  22283A 
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(6)  Build  No.  6 


(a)  objective 


(U)  This  build  of  the  rotary  shaft  seal  teat  rig  was  to  investigate  the 
leakage  and  endurance  of  graphite-filled  Teflon  Sal-Seals  and  laminated 
Kapton  F  and  FEP  Teflon  lip  seals. 

(b)  Configuration 

(C)  The  sixth  build  of  the  test  rig  is  shown  in  figure  304.  Further 
modifications  of  the  seal  rig  wars  as  follows s 


1.  The  socondary  and  vent  lip  seals  were  Mylar-FSP  Teflon 
materials. 

2.  All  Bal-Seals  used  in  this  build  had  been  previously  sub¬ 
jected  to  10,000  actuation  cycles  and  500  pressure  cycles 
during  test  of  Rig  F-33443-5. 
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Figure  304.  Rotary  Shaft  Seal  Teat  Rig  Leakage 
vs  Cycles  for  Rig  F-33443-6 


FD  20151D 


(c)  Test  Summary 


(C)  A  total  of  10,000  shaft  cycles  and  500  pressure  cycles  was  corajleted. 
Pressure  cycles  were  accomplished  at  approximate  intervals  of  2000,  4000, 
6000,  and  8000  shaft  cycles.  The  rig  wae  subjected  to  125  pressure  cycles 
at  each  Interval.  Shaft  cycling  was  continuous  throughout  the  tost. 


339 


COMEHTIAl 

(C)  The  primary  Hnl-Soal  lonkscia  rarou  during  thfi  test  v.'U TO  highest 
prior  to  cycling  and  immediately  after  the  12b,  250,  and  175  pressure 
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one  time  (at  9100  shaft  cycles,  500  pressure  cycles).  Ml  other  seal 
leakage  rates  were  less  than  1.4  sees.  The  sent  leakage  rates  expe¬ 
rienced  during  the  test  are  shown  In  figure  304 

(0)  The  tesc  Indicated  that  the  utatic  0-ring  leakage  rate  for  the  Bal- 
Seal  portion  of  the  rig  was  affected  by  the  primary  Bal-Seal  leakage 
rote.  Post-test  data  with  the  rig  at  I.N.,  temperature  verified  this 
condition. 

(U)  After  completion  of  these  tests,  the  teardown  inspection  revealed 
ti\e  following: 

1.  All  Bal-Seals  had  inside  diameter  wear;  however,  no  split¬ 
ting  was  detected  and  seal  appearance  was  good. 

2.  The  primary  lip  seal  (bonded  Kapton  F  and  KEP  Teflon)  was 
cracked  through  the  Teflon  Layer.  The  Kapton  mnterlal  had 
superficial  fatigue  cracks  that  looked  li'.e  pnrtinl  separa¬ 
tion  in  the  intermediate  layers,  (bee  figure  305.) 

3.  Graphite  deposits  wer"  founu  on  me  rig  shaft  and  in  the 
seal  glands  on  cho  Bal-Senl  portion  of  the  rig. 

4.  No  evidence  of  moisture  was  found  in  the  rig. 

5.  v'-rlng  compression  and  sealing  surfaces  on  the  Ba 1-Seal 
portion  of  the  rig  appeared  satisfactory. 

6.  The  post-teardown  inspection  did  not  ’•■•v  al  any  reason  for 
the  primary-to-static  seal  leakage  interaction. 
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(7)  Build  No.  7 

(a)  Objective 

(U)  This  build  of  the  rotary  abaft  seal  teat  rig  wan  to  investigate  the 
leakage  and  endurance  of  graphite-filled  Teflon  Bal-Soals  and  laminated 
Kapton  F  and  F2P  Teflon  lip  seals. 

(b)  Configuration 

(C)  The  seventh  build  of  the  tost  rig  is  shown  in  figure  306.  Further 
modifications  of  the  seal  rig  ware  ns  follows: 

1.  The  secondary  and  ver..  lip  seals  were  Mylar-FEP  Teflon 
materials 

2.  All  Bal-Seals  used  in  this  build  had  been  subjected  to 
more  than  10,000  actuation  cycles  and  500  pressure  cycles 
during  testing  of  previous  builds  of  this  rig. 

3.  Outside  diameter  vent  holes  were  made  in  the  leakage 
isolation  O-ring  (Bal-Seul  portion  of  rig  only)  ami  the 
seal  was  sandwiched  between  two  pieces  of  0.005-lr  '•  thick 
Kapton  F. 

c'*e*  nr 


<  shast  niHMMM*: 

Figure  306.  Rotary  Shaft  Seal  Test  P.ig  leakage  FD  22234A 
vs  Cycles  for  Rig  F-324A3-7 


(»:)  Test  Summary 

(C)  A  total  of  14,000  shaft  cycles  and  700  pressure  cycles  was  completed. 
An  initial  10,000  shaft  cycles  and  500  pressure  cycles  were  performed 
(125  pressure  cycles  at  approximate  intervals  of  2000,  4000,  bOOO,  and 
8000  shaft  cycles).  The  test  rig  was  vacuum  baked  at  160°F  for  2  hours 
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and  then  subjected  to  an  additional  4000  shaft  cycles  and  200  pressure 
cycles.  Qnfe  hundred  pressure  cycles  were  conducted  .  t  eiinriixtm^f e 
intervals  of  1000  and  2000  shaft  cyd*s.  Data  recorded  during  else 

fljlrjl  f  jnnnl  l  H 10  shji  ft  pycioy  2nd  200  pf  Auaura  pup]  or  !ndlc»t“‘j 
interact  ion  between  the  primary  Bal-Seal  and  chs  static 

(C)  The  primary  ilal^Sesl  had  the  highust  measured  gaol  leskace  doting 
the  test.  The  Knpton  F  and  FFP  Teflon  lip  seal  leakage  exceeded  1,4  sees 
only  two  times:  prior  to  cycling  nnd  a*  '•'•‘U  ?hafi  cycles  and  250  pres¬ 
sure  cycles.  All  other  dynamic  seal  leakages  were  less  than  !  gcc*. 

The  ’eakage  rates  for  t!:e  stilt:  tested  are  shown  in  figure  306. 

(0)  The  tear down  inspection  revealed  the  following: 


i.  All  iioi-Ceols  had  inside  diameter  wear:  however,  no  split¬ 


ting  was  detected  er.a 


ssoi  appearance  was  good. 


2  A  yellow  residue  was  found  on  the  primary  Up  seal, 


No 


splitting  or  separation  was  observoH  end  seal  appeal auc" 
was  good.  (Set  figure  307.) 

3.  Graphite  deposits  were  found  on  the  rig  shaft  and  in  the 
seal  glands  on  the  tlal-Seal  portion  of  the  rig. 

4.  Slight  moisture  was  detected  In  the  secondary  lip  seal  ar 
line  and  in  the  inlet  line. 

5.  The  leakage  isolation  O-ring  was  hunt  inward,  indicating 
outsldu  diameter  oressur i zation. 


Figure  307.  S’rlraary  Lip  Seal  After  Test  FI)  2 J6** B 

on  Rig  F- 3344 3-7 
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U)  Build  No.  8 


(al  OlH. i*ptl 

'  —  *  i/  * 

HI".  Tii  I  a  )  #S  r.  ♦"  *■  W**  r*-  -  j  _  *  ..  j  ..  .  t  i  .  .  *.  t. 

'  •"  *"  •**•**'•  w  **•-■  » vv^v^  pm»i  b  ovui  v  vn*.  t  »  j*  Wijfl  tu  IKWfM.  1  jjrt  IV  Witt? 

leakage  and  endurance  of  graph ite-fi Hod  iefion  iiai- Seals  ami  a  laroinatad 

Kapron  K  anti  FEP  teflon  iij>  seal. 

(b>  Configuration 

(U)  The  eighth  ouild  of  the  test  rig  fa  show  in  figure  JOB.  Further 

modi ' *ratlons  ol  the  seal  rig  wore  as  follows: 

1.  The  secondary  and  vent  lip  seals  were  Mylar- HT'  r-flon 
materials . 

2 -  Secondary  and  vein  Bal-Seals  used  in  tliis  build  had  been 
subjected  to  actuation  and  pressure  tycles  during  previous 
builds  of  this  rig. 

1.  Bolt  tosque  was  increased  to  300  in. -lb. 
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Figure  JOB. 


Rotary  Shaft  Sv>  l 
vs  Cycles  for  Rig 


fest  Rig  leakage 
F-  i  J  A  i-8 


FD  22578A 


(c)  lest  S  immary 


(0)  A  total  of  24UU  shaft  cycles  and  .3  pressure  tvcles  was  completed 
before  ex-  essiw  primary  lip  1  ige  was  observed.  Seal  leakage 

inter-  ’ion  was  also  apparent  between  tin-  primary  hai-Seal  and  the 
slat  ..  seals  on  this  portion  oi  the  rig 
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(£.)  Primary  Bal-Seal  leakage  w.«si  in  tin*  range  of  42  to  less  than  t.4  secs, 
Tlit*  primary  lip  seal  leakage  exceeded  measurement  capabi  1 1 1 les  at  2400 
t-y  <_  1  i<ti .  All  niitei  dynamic  sessl  Isiks?.-.’  .'ere  lesa  than  i  ,4  ^  ,  Leakage 

rates  for  the  seals  tested  are  stiowt  in  figure  J08. 

fU)  The  tear  down,  inspect  ioa  revealed  the  following: 

1.  Ail  dai-Sems  had  li.side  diameter  wear;  nowwor,  no 
splitting  vas  detected  uud  seal  npea ranee  was  good. 

2.  the  primary  iip  sra*  win  spilt.  \.Tee  figure  JOV.) 

i.  Flap  ton  jud  grapMte  deposits  were  found  on  the  rig  shaft 
and  graphite  was  found  in  the  Kal-Scsl  glands. 

4.  No  mo  is  l- err  or  galling  was  <Jeli*t<.e<.  In  tie  rig. 

3.  Alt  O-rings  indicated  normal  compression. 


I  i,, •!*•<•  I’l  im.n-  Mp  Seal  After  Test  FD 

on  Htr  h-33VV>-8 


( '*•  /  build  No.  T 
(a)  ohjvitive 

itt  <his  huii-J  of  tie*  rot,»rv  shaft  sen!  test  rig  was  to  Invent  l gate  the 
leakage  and  endurance  o!  graphite-filled  .efluti  Bat-Seals  and  a  laminated 
ICoplon  !  ami  FKS  Teflon  » I p  Heal. 


<bi  lonf igurat ion 


<;.)  }|,c  ninth  build  oi  the  test  rig  i-  shown  in  figure  110.  lurthei 
rind  i !  ii.it  Ions  i.>f  the  seal  rig  were  as  (allows: 


i. 


i he  sciondarv 
mater  i a  1  *- . 


<*>.<,  vent  lip  seals  were  ':viar-M.P  ieflon 
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Secundary  and  vent  Sal-Seals  used  In  this  build  had  been 
subjected  t>a  actuation  and  pressure  cycles  during  previous 
builds  W5  this  rig, 

3,  The  ieifUave  isolation  O—  rioo  ftiui  fhu  nrlmary  H-rlna  Inpnruil 
«  vj>  r  *  "••■'  ”  /  "  •  *  ”o  » 

*t  the  primary  Sal-Seal  Interface,  uera  placed  between  two 
pieces  of  G.GQS-irtch  thick  Kapton  K. 


Figure  310.  Hotary  Skuft  Seal  Test  Rig  Leakage  KD  22579A 
vs  Cycles  for  klg  F-J3443-9 

(c)  Test  Summary 

(C)  A  total  of  10,000  shaft  cycl-s  and  S00  pressure  cyc.es  was  completed. 
Pressure  cycle*  ->f«  ac  -ompl Hhtd  at  approximate  intervals  of  2000,  4000, 

6000,  and  8000  daft  cycles,  Tne  rig  was  subjected  to  125  pressure 

cycles  at  each  interval  and  shaft  cycling  was  continuous  throughout  the 
test . 

(U)  The  primary  Hal -Seal  leakage  rates  oaring  the  test  were  highest 
prior  to  cycling  ar.d  linroedi  ;r:clv  after  the  first  1  !5  pressure  cycles. 

All  other  seal  leakage  rates  were  less  than  1.4  sees.  The  seal  leakage 

rates  experienced  during  me  test  ere  shown  In  figure  310. 

(l‘>  The  lent  indicated  that  Hie  static  o-rlng  leakage  rate  for  the  Sal- 
Seal  portion  of  the  rig  •  net  affected  by  the  primary  ‘.a  1  -Sea  1  leakage 
rate. 


* 

f 


I 


(U)  After  completion  of  these  tests,  the  tenrdown  inspection  revealed 
the  following: 

1.  All  Hal -Sea  1  ts  !.jc!  inside  diameter  wear;  however,  no  split¬ 
ting  was  deter 'eo  and  seal  appearance  was  good. 

2.  The  primary  Up  sea!  (1  tided  F.api  on-Ief  Ion)  hud  super!  f-  lei 
fatigue  cracks  that  appeared  to  t<  r-.srt  iui  separation  in 
the  intermediate  1  avers. 
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3.  Graphite  deposits  were  found  on  the  rig  shaft  and  in  the 
seal  glands  on  the  Bal-Saal  portion  of  the  rig. 

4.  Yellow  Knpton  powder  was  found  on  the  rig  shaft  an*  in  the 


.. _ J _ — .  i  i  _ _ .t  .t  - _ l 

pixutoty  xx|J  onot  gxtitiu* 


5.  Slight  moisture  waa  found  in  the  primary  lip  seal  vent 
line, 

6.  O-rlng  compression  and  sealing  surfaces  on  the  Bal-Seal 
portion  of  he  rig  appeared  satisfactory. 

(10)  Build  No.  10 

(a)  Objective 

(U)  This  build  of  the  rotary  shaft  seal  te«  t  rig  was  to  investigate  Che 
leakage  and  endurance  of  a  laminated  Hapten  F  and  FKP  Teflon  lip  seal 
with  increased  unformed  inside  diameter  (,J.87‘>  in.). 

(b)  Configuration 

(U)  Tl>e  tench  build  of  the  test  rig  is  shown  in  figure  311. 
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Figure  3M.  Rotary  Shaft  Seal  Test  Rig  Leakage 
vs  Cycles  for  Rig  F  —  3 34 A 3— 1 0 
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(U)  Build  No.  10  incorporated  the  following  features \ 

1.  The  secondary  lip  seal  was  Kapton  F  and  FEP  "teflon  and  the 
vent  lip  seui  wats  riylar-FEr  Teflon. 

2.  The  secondary  and  vent  Bol-Seala  had  been  used  In  build 
No.  9. 

3.  All  0-rings  were  replaced  with  one  layer  of  0.005-lnch 
thick  Kapton  F  positioned  between  adjacent  Interfaces. 

4.  Bolt  torque  was  increosed  to  500  in. -lb. 

(c)  Test  Summary 

(Cl  A  total  of  10,000  shaft  cycles  and  500  pressure  cycles  was  completed. 
Pressure  cycles  were  accomplished  at  approximate  intervals  of  2000.,  4000, 
6000,  and  8000  shaft  ;ycles.  The  rig  was  subjected  to  125  pressure 
cycles  at  each  Interval  and  shaft  cycling  was  continuous  throughout  the 
test . 

(C)  The  primary  Bal-Seal  leakage  rate  was  highest  at  1  )0  cycles  and 
decreased  during  the  remainder  of  the  test.  Slight  leakage  was  detected 
at  the  vent  lip  seal  cavity.  All  other  leakages  were  less  than  1.4  sees. 
The  seal  leakage  rates  experienced  during  the  test  are  shown  in  figure  311. 

O')  The  test  Indicated  that  the  static  seal  leakage  rate  for  the  Bal- 
Seal  portion  of  the  rig  was  not  affected  by  the  primary  Bal-Seal  leakage 
rate. 

(U)  After  completion  of  these  tests,  valve  disassembly  revealed  the 
following: 

1.  All  Bal*Seals  h-  inside  diameter  wear  and  the  primary  linl- 
Seal  was  split. 

2. _  The  primary  lip  seal  had  inside  diameter  wear  ns  shown  In 

figure  312. 

3.  Kapton  powder  was  in  the  primary  lip  seal  cavity. 

4.  Graphite  deposits  were  found  on  the  rig  shaft  and  in  the 
secondary  seal  glands  on  the  bal-Seal  portion  of  the  rig. 

3.  Test  Facilities  and  Procedures 
a.  U-21  and  B-22  Test  Stands 

(U)  Test  stands  U-21  and  B-22  (Sue  figures  313  and  314.)  were  used  for 
control  component  tests.  Control  calibiations  and  cycle  tests  are  c  n- 
ducted  on  the  closed  loop  water  blowdown  facility,  B-21  stand,  and  on 
the  high  pressure  GN2  flow  bench  with  cryogenic  cooldown  capabilities. 

The  water  flow  loop  consists  of  a  2100-gallon  run  tank,  which  when  filled 
is  pressurized  to  the  *quirad  aval  from  n  5000-psin  nitrogen  source. 

The  tank  is  capable  of  supplying  1500-pslu  water  to  the  Inlet  of  the  test 
item  at  flow  rates  up  to  450  lb/sec.  The  water  passes  through  electro- 
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hydraulic  control  valves  that  will  set  the  preprog ranted  flow  veriius  pres- 
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this  purpose.  The  water  flows  through  the  test  section  and  into  a  catch 
tank,  which  f  ecu  vein  tile  working  fluid.  The  recovered  water  it  then 

pumped  back  to  the  run  tank  for  reur.e.  Turbine  flowmeters  are  used  for 
flow  meaaurement ,  and  dalu  are  recorded  on  strip  cliurts  and  on  an 
18-channel  oscillograph.  i  minimum  test  duration  of  30  seconds  is  attain¬ 
able  with  tils  system  when  operating  at  the  maximum  flow  rate. 


Figure  J12.  Primary  1. Ip  Seal  After  Test  FI)  22/ ^OA 

on  Rig  F- “344  3-10 


Figure  31  1.  B-.M  Cmtrol  Calibration  Facility  FC  1  3  7  7  j> 
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Figure  314.  U-22  Cryogenic  Static  Cycle  Stand  FC  13799 

(U)  1  ho  high  pressure  Gl^  flew  loop  on  H-22  stand  consists  of  a  10,000  pslg 
GN2  supply,  elect ropneumat lc  control  valves,  and  turbine  flowmeters.  A 
large  dewnr  cooldown  tuck  is  available  for  cryogenic  temperature  tests. 

This  stand  uses  the  same  analog  computer,  atrip  charts,  and  other  control 
and  recording  facilities  as  B-21  stand. 

b.  Test  Procedures 

(U)  For  water  flow  calibration,  the  valves  were  mounted  in  the  B~2l  water 
flcv  test  stand  an  shown  in  figure  315  and  were  Instrumented  as  shown 
schematically  in  figure  316. 

(U)  The  water  flow  calibration  was  performed  by  positioning  the  shaft  and 
setting  specifies  valve  differential  pressures.  Data  were  recorded  on 
strip  chart",  and  0-graphs. 

(U)  For  the  flow  torque  test,  the  valve  actuator J  were  removed  and  a 
torque  arm  attached  to  the  shall  coupling.  A  load  cell  was  used  to 
measure  the  ’pplied  load,  as  shown  In  figure  317. 

(U)  The  tests  were  performed  by  positioning  the  valve  shaft,  set  !ng  the 
valve  differential  pressure,  and  recording  the  output  from  the  load  cell. 
The  data  were  recorded  on  strip  charts  ami  0-graphs, 

(C)  For  environmental  tests,  the  valves  were  mounted  in  the  11-22  test 
stand  as  shown  in  figure  318  and  instrumented  as  shown  schematically  in 
figure  319.  Environmental  tests  were  performed  by  pressurizing  the  valve 
with  LN'2  at  internal  pressures  from  50  to  6000  psig.  The  valves  were 
cycled  at  these  conditions  and  valve  soil  leakages  were  measured  period¬ 
ically. 
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Figure  319.  Mixture  Ratio  Valve  Instrumenta-  FD  3066 

t Ion  Schematic  fB-22  Stand) 

(C)  For  environmental  endurance  tests,  the  rotary  shaft  seal  test  rift  was 
mounted  in  11-22  teat  stand  as  shown  in  figure  320.  Environment**  1  tests 
were  performed  l»y  conditioning  the  rig  at  LN2  temperature  and  pi  ssuriz- 
ing  with  ON 0  up  to  6700  psig.  The  rig  shaft  was  cycled  by  a  double-acting 
pneumatic  actuator.  Pressure  cycles  were  performed  by  alternately  increas¬ 
ing  and  decreasing  rig  Inlet  pressure.  S*al  leakages  from  the  rig  vents 
were  measured  periodically  throughout  the  continous  cycle  program.  The 
standard  program  was  a  10,000  shaft  actuation  cycle  with  500  pressure 
cycles  (0-5000  psig)  performed  in  125-cycle  increments  at  intervals 
of  2000  ahaft  cycles. 

A.  Gone  luslons 

(U)  Control  of  the  overall  engine  mixture  ratio  required  a  valve  upstream 
of  t lie  main  injector.  Based  on  results  of  the  valve-type  selection 
study,  a  3-  nch  diameter  butterfly  valve  was  selected  for  design,  pro¬ 
curement,  and  test.  A  commercial  rotary  hydraulic  servoactuator  was 
adapted  to  the  valve,  and  two  va  ve  assemblies,  were  procured. 

(U)  Some  changes  to  the  valve  were  icorpoxoted  during  Phase  1  to  obtain 
the  required  position  accuracy  and  seal  durability.  The  actuator  support 
was  changed  to  a  cylindrical  shape  to  improve  torsional  stiffness.  The 
original  design  piston  ring  seal,  which  was  mounted  in  the  butteifly 
disk,  was  replaced  with  a  housing-mounted  laminated  plastic  seal. 

1  Li)  A  rotary  shaft  seal  lest  rig  wab  built  and  a  shaft  seal  lest  program 
was  conducted  to  define  an  acceptable  seal. 

(U)  The  mixture  ratio  valve  met  its  primary  objectives  of  .substantiating 
the  design  calculations  for  flow  modulation,  and  providing  satisfactory 
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rtg  tests.  Static  ~eai  problems  were  encountered.  The  Taf lon-coated 
“..stsl  G-rlngs  i-s^u  fur  static  uenis  throughout  the  valve  leaked  during 
high  pressure  component  tests  and  during  ataged-combustion  rig  testa. 

The  leakage  is  attributed  to  flange  deflection  with  Internal  prassure 
and  the  inability  of  small  diameter  metal  O-rings  to  accommodate  deflec¬ 
tion  and  maintain  a  seal.  Tests  to  determina  the  flange  deflection  were 
started  near  the  end  of  the  program;  additional  work  is  necessary  to 
solve  the  problem. 


Figure  Rotary  Shaft  Seal  Test  Rtg  KD  J J 0 f > / 

Sc he  net  t  e  tot  B-dd  Stand 

(U)  The  tnrget  disx  seal  leakage  of  10  secs  was  not  attained.  After 
incorporation  of  the  housing-mounted  disk  seal,  which  was  required  for 
seal  durability,  nevsft-sl  seal_modi  f  ioatlons  were  tested,  but  none  met 
the  targe? . 

(C)  Valve  opera t  lotvwr.&  t_on»rifltent  and  reliable  thr  tughout  the  staged- 
comhuscion  rig  teat  prefixes,  and  the  rig  requiremetus  for  the  valve  were 
satisfied.  • 


3*.  I 
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h)  Tors  nulld,  issi  ,  ami  Inspect  Son  eye  lee  were  completed  on  the  rotary 
shaft  seal  rig  and  ai»*  summarized  in  table  XXXV .  The  first  tests  indi¬ 
cated  that  the  formed  lip-type  seal  was  superior  to  spring-loaded  cup 
seal  '‘esinns.  t.ip  seals  n.^binlnj;  Mylar  and  Teflon  sheet  did  not  possess 
satisfactory  life  during  press. ire  tvillng.  Substitution  at  Fi.P  Teflon 
for  the  TFE  Teflon,  and  replmeme.it  ot  tlie  Mylar  with  Kapton  F,  resulted 
in  a  seal  ■•onf  igurat  ton  that  passed  the  10,000  actuation  c;,cle  and  500 
pressure  cycle  (0-SOOt)  psig  +}  test  enuosore  with  ro  failure  and  less 
titan  1.4  sits  ON,  prlmaty  seal  leawni"*  throughout  the  test. 

(0)  The  lieut  bonding  procedure*  used  for  laminating  the  Kapton  and  FEP 
Teflon  lip  seals  were  later  applied  to  static  seal  and  disk  seal  pares 
fabricated  from  these  materials. 

(U)  I'ne  rotary  shaft  sea!  test  rig  test  goal  of  K5  sees  maximum  overboard 
lenkas*  was  nit  ined.  .lie  rig  was  stored  at  the  er.J  of  the  prtgram. 

(I')  Solution  of  the  statu  seal  problem  will  require  additional  tests 
and  analysis,  and  the  solution  will  be  applicable  ro  seal  areas  through¬ 
out  the  high  pressure  -ngine. 

(I )  Achieving  disk  seal  leakage  below  1U  sirs  with  an  adequate  seal  life 
will  require  more  devel  ipm«.nl . 

C.  FLOW  OlVIDl.e  w\LVF.  AND  SEAL  RIO 
1.  Hardware  Description 
a,  General 

(i!)  Figures  321  s  122,  and  12 J  dcline  the  perlormance  requirements  f.r 
the  flow  divider  valve  as  established  by  engine  eyrie  analysis.  In 
addition,  the  valve  \  as  rocu Iren  to  shut  off  tlte  preburner  oxidizer 
flow  and  sequence  the  igniter  oyidirar  supply. 

(F)  Tiie-  four  most  promising  • andidates  for  ti>r  tlow  divider  valve  were 
studied  :t  sufficient  detail  to  compare  their  overall  per formunce. 

These  were  valve-  using  t lie  pintle-orifice,  tin  pintle-venturi,  the 
translating  sleeve,  and  the  ball  and  rotating  sleeve  concepts.  In 
addition  to  these  s'udies,  five  other  concepts  were  investigated  until 
a  critical  problem  or  disadvantage  was  determined  that  resulted  in 
elimination  from  further  consideration.  If  no  critical  problem  devel¬ 
oped,  the  scheme  was  compared  with  the  original  four  concept". 

(U)  Those  concept?,  investigated  to  a  poin*  where  a  serious  problem 
arose  were-:  (1)  rotating  plait,  (2)  rotarv  sleeve  with  n  cam-activated 
poppet  shutoff,  (3)  ball,  (4)  butterfly,  and  (5)  rotary  sleeve. 
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Figure  322,  Flow  Divider  Valve  Rig  Design 
Requitemutits  for  Operation 
from  2.C  to  L00'(  Thrust 
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Figure  121.  Plow  Divider  Valve  P“lmnry 
Flow  Hate  vs  Percent  Thru 4 1 


DP  59534 


(C)  All  concu|/i>>  ’Ottsldered  wore  to  satisfy  the  tol lowing  basic  ground 
rules: 


1.  The  valve  should  have  a  1  low  capacity  equal  to  L2Q7,  of 
the  maximum  secondary  flov  with  a  secondary  valve  Jtl* 
of  150  psi  to  allow  for  Injector  modification, 

2.  Primary  l low  must  be  scheduled  from  zero  to  10/  thrust 
to  Include  the  engine  starting  sequence. 

3.  Secondary  flow  must  be  shut  off  to  approximately  107.  and 
scheduled  to  the  maximum  area  required. 

4.  -the  valve  must  fit  inside  the  preburner  Injector  dome  and 
5e  removable  from  the  dome  as  a  unit  for  calibration, 

5.  i'ho  valve  must  ov  removable  from  the  dome  without  removing 
che  dome  from  Hie  preburner, 

6.  The  valve  must,  be  pressure  balanced  to  mininiii.«  the 
required  actuation  force, 

7.  The  valve  must  provide  positive  shutoff  of  preburner 
oxidizer  flow, 

Th n  v»n..  >,«.  .  i  '  _r  u.  t  a  l!...,-..  ik.iku!  , 
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b,  Type  Selection 
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(G)  T!iu  jiii'ttlii'uiM  In;  (-u>it.uj)i  uiniriutiU‘;i  £  iiv  prifl’iny  i  uiw  uy  exposing 
a  series  of  slots  in  the  vnlv.a  housing,  with  more  open  ^rca  being 
exposed  fis  the  pintle  moves  toward  opening  the  secondary  area.  Second¬ 
ary  flow  remains  shot  off  until  the  Tull  107,  thrust  primary  flow  area 
is  exposed,  Secondary  flow  is  regulated  by  moving  a  contoured  plug  Into 
the  fixed  orifice. 


Figure  324,  Flow  Divider  Vaive,  Pintle-  PI)  18173A 

Orifice  Candidate 


(U)  The  required  valve  geometric  flow  area  is  determined  from  the 
seconds,';  flow  rare,  valve  pressure  drop,  au!  pleasure  recovers  condi¬ 
tions  Figure  32')  is  a  plot  of  grqnjetric  flow  are..  a  fuiution  of 
thrust  level  and  mixture  -at io. 


_(llJ  i?i n  J2<>  is  •?  contour  plot  oi  the  pintle  bused  <m  a  lonstanl  pot - 
com  age  pl  ot  He, 


(f)  The  poteen!  area  error  is  plotted  as  a  lumuor  at  pertent  positional 
error  in  ri.’.uie  U> .  Ihe  se.is  1 1  f  v !  1  y  ol  110.1  error  with  1  es.itu  l  tu  valve 
ni  rulown  iatio  is  illustrated  In  this  plot. 
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ERROR  IN  STROKE  •  'X 

— m.-8«*«-327.  Percent.  Error  In  Aron  vs  Percent;  F!)  18159 

Error  in  'troke  Cor  Preburner 
Flow  Dlvi ter  Valve 


.  ^  lnt ejimHug  Lite  sialic  pressure  proflLe  over  the  bullet  face  yields 
rite  valv'd  opening  force.  This  force  lr.  illustrated  in  figure  328  as  a 
function  of  thrust  level  and  mixture  ratio, 

(lO  Che  maximum  hydraulic  force  acting  on  the  pintle  was  determined 
to  be  2510  lb  at  maximum  power  and  a  mixture  ratio  oi  5.  A  tlmisf 
balance  piston  area  t.  Q.V*2-Ln,-  was  Incorporated  to  offset  these 
forces.  This  piston  area  resulted  in  a  predicted  force  unbalance  of 
60  lb  over  the  engine  operating  rangtrr  Seal  and  bearing  friction  was 
not  investigated  for  this;  scheme, 

(U)  Punitive  shutoff  at  rern  thrust  was  provided  *»\  re*>r,,.i  r 

the  pintle  with  a  plastic  seat  inset  in  the  vaivo  housing.  The  sec¬ 
ondary  flaw  area  remain  shut  off  during  the  sturt  and  idle  transient. 
Tilts  is  accomplished  by  a  piston  ring  seal  upstream  of  the  primary 
ports  and  a  radial  seal  in  the  approach  to  the  orifice  throat. 
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Pintle  Orifice  Scheme 
( Variable  Pressure  J]ec«yery) 
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THRUST  -  % 


Figure  J28.  Noneomponnatod  Force  Balance 
vs  percent  Thrust  (Frehurner 
Flo.-  Divider  Valve) 
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(U)  llocauac  the  secondary  flow  urea  around  the  pintle  is  an  uxTi'emoiy 
narrow  annulus  at  the  Low  Clow  condition,  concentricity  'control  is 
critical  and  has  a  groat  effect  on  discharge  coc  file  lent,  Atr  larger 
areas,  concentricity  becomes  less,  important,;  This  charactori«tie 
required  that  squareness  and  concentricity  be  held  to  very  cioso 
tolerances,  and  that  apodal  assembly  techniques  be  used  in  alsing -the 
annulus. 


(U)  The  orifice  else  w«3  based  an  a  predicted  pressure  drop  and.  dis¬ 
charge  coefficient.  Therefore,  results  of  Initial  bench  testing  must 
be  used  to  modify  the  pintle  contour  and  orifice  Also  to  provide, desired 
performance.  Possible  development  problems  wore  predicted  with  the 
piston  ring  seal  at  high  pressure  differentials.  Another  problem  was 
predicted  with  the  radial  secondary  seal,  becausG  it  was  jolly  with¬ 
drawn  from  its  sealing  surface  in  most  of  the  valve  operating  range, 
and  It  .was  ns  sceptic  ie  to  drjnage  when  rc.  ngagou. 
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(2)  Pintle-venturi  Candidate  (Sots  figure  329.) 

l 

(u)  The  plntLe-vcnturl  candidate  shown  In  figuro  329  fco  the  flow  divi¬ 
der  valve  was  investigated  to  take  advantage  of  the  pressure  recovery 
made  available  by  the  venturi,  allowing  thu  use  of  a  smaller  pintle 
amU throat  diameter  mid  resulting  in  n  large  height  flow  per  unit 
throat  area  Cor  a  given  valve  Clango-to»f Inngo  pressure  loss,  Combining 
the  pressure  recovery  factor  with  the  required  flow  rate  and  valve  loss 
yields  a  required  geometric  fLow  area.  Figure  3.30  is  n  plot  of  the 
required  geometric  flow  area  as  a  function  of  thrust  level  and  mixture 
-  ratio.  The  pressure  recovery  factor  varies  with  the  venturi  throat 
area  and  the  shape  of  the  pintle  at;  Che  throat.  Figure  331  is  a  plot 
of’  valve  pronsurc  recovery  ne  a  function  of  thrust  level  and  mixture 
ratio.  Once  the  turndown  ratio  of  the  wUve  is  determined,  the  pintle 
countour  eon  be  established,  Figure  332  is  a  plot  of  the  roquLred 
pintle  position  ns  a  function  of  thrust  Level  and  mixture  ratio. 

This  was  determined  bv  establishing  a  constant  percentage  contour  based, 
on  a  valve  stroke  and  turndown  ratio.  Knowing  the  required  flow  area 
thou  establish'd  the  pint Lc-  position  with  a  constant  percentage  contour. 


Figure  M‘i  Fl*>w  Luvidc-i  Valve,  Pintlo-Vonturl  KU  1800DA 

Cantl  Ilia  te 
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Figure  33.'. *  him  l«-  vs  I'eigi-nt  Thrust 

(Flow  Divide!  Va  1  Vvj 
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(U)  integrating  tin*  static  p  :cs3ui*c  profile  along  the  face  of.  the  pintle 
yields  the  ’nlve  ope.ung  forec.  Figure  103  is  a  plot  of  cht«  force  nr, 
a  fiine t  iovi  oi  'Iti'u a l  level  and  mixture  rat  io. 

(U)  Sprinting  tli^  various  pressure  area  terms  that  to  ml  to  close  the  val  s 
am!  adding  them  vector  1,-1 1  v  with  the  opening  force  yield®  llTe  not  axial 
force,  flvn  lone  is  plotted  in  figure  33f‘*  as  a  function  of  iluust  and 
mlxfucA -iatio;  If  an  attempt  is  made-.to  '‘mulch*1  the  closing  forte  with 
the  opening  force  (compensation),  the* resulting  not  force  in  shown  in 
figure  335  as  a  Junction  oi  iluust  ;>ml  mix' tiro  ratio, 

.(C)  Selecting  a  0.750-in.  diameter  shall  produced  a  net  force  unbalance 
ol  2100  lb,  which  required  incorp  nation  of  a  thrust  balaiuiu;  ireo. 

This  was  established  as  0.  h.4  .~in.  *.  Adding  this  to  the  shaft  dfnmeler 
produced  a  piston  dlametei  of  1.000  Inch.  Bearing  ami  soul  friction  was 
not  considered  in  this  investigation. 

(U)  Shutoff  was  accompl  Lshec  villi  a  poppet  valve  coupled  lt»  the  mafn 
pintLe,  Thiv  ieaUno  presented  a  disadvantage  in  chat  the  poppet  asusi 
be  lapped  to  the  seal,  which,  is  a  part  of  the  valve  housing,  and  must 
remain  as  a  "latched  ret  ,  t-  -  ~ 
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Figure  335,  flow  Divide.-  Valve  Net  Pintle  I'D  1820/ 

Force  v.'  Percent  Thrust 
(Cotnpc  iu  it  c<!) 

tO  The  primary  How  was  nodulated  with  cunt  cored  rods,  which  are  located 
lit  l hr*  poppet  alve  head ,  that  pro t nine  litre  o  The  orifices  in  the  poppe . 
val\v  seat.  These  rods  regulate  primary  flow  through  the  storting 
transient  and  become  complete! v  disengaged  above  10c  thrust,  allowing 
dir tr i hull on  to  be  accomplished  by  tlu  injector  nooelcs.  To  assure 
pi curate  flow  distribution,  these  rods  must  be  located  with  extreme 
accuracy  to  sr  in  tin  it*  •-  disc  barge  coefficient  variation  through  the  orilices. 

tU)  Scconda. v  flow  pi  op or f loning  -  as  accomplished  in  the  same  manner  as 
In  ihe  pintlo-or il ice  scheme  witi.  thu  contour  being  determined  similarly. 
As  with  the  pintlc-oril ice  schema,  \alvc  periovmance  could  be  optimized 
only  through  bench  teei-ing  where  throat  diameter  and  "eniurl  divergence 
angle  can  be  vaiioti. 

(F)  Little  advantage  was  tound  in  using  the  ’•.it'ui  .oncept  because  the 
di  -'tr.etor  gains  were  offset  by  the  addon  length  oi  the  venturi  diffusion 
section. 

f3;  hr  1 1  .ind  Rotating  SI  .«ve  Candidate  (See  figure  336.) 

(C)  A  s.  omhinat  ice  oi  i  elating  ha’ l  (lor  nhutuft  sealing)  ana  a  i  aiming 
sleeve  (fur  flow  d Isf .  1  but  i cn)  as  shown  in  figure  3 .if#  was  evaluated  as  ’ 


t 


gstrf id-te  for  the  Ilea  divide?  valve,  fhii  esncsgt  eensists  of  i  ball 
gypi  rs^^gf  ^rggary  aleeve  valve  for  secondary  modula¬ 
tion.  Ball  diameter  and  a  passage  dUnattr  were  selected  eo  that  So 
degrees  of  rotation  was  required  before  the  ball  portion  of  the  value 
apposed  area  to  the  flew.  the  distribution  sleeve  included  three  ports 
requiring  36  degress  of  angular  rotation  for  minimum  to  saxisua  retired 
/ilow  area,  the  angular  distance  between  the  easteua  port  width  end  the 
saxisnsa  port  width  of  the  next  port  was  34  degress,  The  port  contour 
and  sleeve  port  arrangement  are  shewn  is  figure  3 %1*  figure  J38  ia_a_ 
plot  of  geometric  inlet  ares  of  the  ball  valve  as  e  function  of  angular 
opening,  Figure  339  is  a  ploi  of  the  affective  inlet  area  of  bail  valve 
vo  angular  position, 

(V)  rxcBEvfo  losses  ^trjses  the  valvs^  anerancfi_j(bail  position)  are  estab¬ 
lished  by  determining  an  entrance  factor  to  relate  pressure  loss  to 
boll  valve  angle  and  flow  rate, 

(U)  To  illustrate  the  use  of  this  ('K,t  factor  the  following  parameters 
are  defined] 

* 

A^n  *  Valve  inlet  area 
P  *  Fluid  density 
?L  «  Pressure  loss 
Fjn  «  Fluid  velocity  (entrance) 


$  a  / low  rate 


The  pressure  lose  may  be  written  as 

ri  ■  <8>  ■&  vL 

since  *  -  ^irHVin) 


then  *  (h)  || 
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(U)  Figure  34$  la  a  plot  of  this  "Ku  factor  aa  a  function  of  angular 
opening.  Backus®  the  required  valve  flaw  rate  is  a  function  of  thrust 
fixture  ratio,  tha  valve  entrance  loss  may  be  calculated  as  a  func¬ 
tion  of  the  operating  point,  Figure  341  is  a  plot  of  the  bail  valve 
inlet  praeeare  loss  e§  a  function  of  thrust  level  and  mixture  ratio, 
Figur®  348/ ia  a  plot  of  the  required  geoaatric  flow  area  for  the  sleeve 
faction  as  a  function  of  thrust  and  mixture  ratio*  Because  the  flow 
divider  valve  circuit  is  eised  according  to  system  flow  rate  and  a  4,5% 
(of  presume?  pressure)  pressure  drop  across  the  primary  Injector ,  the 
vulva  antrs&sa  loss  must  be  made  v§  by  either  (1)  increased  pressure 
rise  Ism  the  sxldiaer  turbopusp,  or  (2)  reduced  pressure  drop  across 
ihs  ihsust  control  valve. 


Figure  342,  Geometric  Area  of  "ontoured  port  vs  FC  18257 
Petcont  Thrust  <Flov'  Bividor~ualvo) 

(b)  Figure  343  ia  a  plot  of  the  valv*  geometric  flow  arse  for  the  sieevs 
aoctlon  as  e  function  of  enpular  position  bsaud  on  a  constant  psrcsmtage 
port  contour* 

(U)  Knowing  the  valve  effective  i/i a  as  a  function  of  angular  petition 
and  the  required  geometric  pore  Area  as  a  function  ©£  thrust  and  mixture 
ratio,  the  required  valve  angulr  position  can  be  determined.  This  is 
plotted  in  figure  344  ae  a  function  of  thrust  and  mixture  ratio, 

(U;  Whan  the  valve  turndown  ratio  and  thv  valve  stroke  have  ’Aaan  set, 
<the  valve  stroke  of  a  rotary  slesva  e«n  ba  avaluated  in  ms  of  vajva 
diameter  and  angular  rotation;'  the  ttfisiaais  port  width  car,  hi.  Jst strained. 
Figure  345  is  a  plot  of  maxitsum  pore  width  as  a  function  of  valve 
disaster  for  a  thrao-port  ve?ve,  This  phenomenon  is  discussed  in  more 
detail  in  the  corresponding  thrust  control  section.  The  percent  area 
error  ia  shown  plotted  as  -v  function  of  percent  pocltional  or,  ir  in 
figure  346,  The  effect  of-iumdown  ratio  on  the  area  error  is  also 
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*4)  Notary  Plate  Girndidet* 

(\j)  This  f'cheras  is  tiimniy  a  i  ifctl*.*  ysn^  that  €>p«><c  find  ticsas  primary 
and  secondary  erras  in  a  eh''  ^lr.2  motion,  Tt  hss  the  edvantagu  of  cos- 
pact  height,  good  leokjgo  or ;  rro? *  and  positive  shutoff,  Once  the  valve 
la  uraakAd  open,  leakage  *{  *  exlBt  between  primary  and  secondary,  but 
leakage  «g  easily  con^-ollf  !  by  the  proximity  of  the  piatn  to  -hs  weeling 
face,  In  rca-icyf  an  <s--.our  t  ot  leakage  to  secondary  is  not  en,y  per- 
fsiscinta.  hoc  ever  desired  -s  for  injector  element  cooling, 

{»»*  g^j  ility  i,.  C  »  v-diign  could  be  c  problem  blouse  of  ron- 

tlnU'il  ficsruBfclnf.  on  the  ."el  piat  ,  Hovevet ,  the  primary  roaein  ter 
rejecidng  tha  scheme  ,-he  requirement  for  complicated  fc,sni£oiding  ir. 
ths  injector  to  v  owssor  ctv  the  nosvconcentrlc  primary  and  secondary 
flowpsthti, 

» 3 )  Salary  Sleeve  Condi  .at®  fSeo  figure  34?<) 

'■*  .  # 

(U)  Rotary  siaevj  vaij  /.  are  basically  th«  aame  as  si 'ding  fiat  pl^tn 
valves  except  th.it  tb?  arc  cut  in  concentric  cylindari  that  ^ra 

rotated  relativ*  to  u  n  othot  to  ^arv  at oa,  This  valvs  was  eiiminatod 
from  further  consider*1  ton  becflusc  of  difficulty  in  oea.ing  around  the 
ports  and  failure  to  s  ford  a  positive  fituteff,  Ths  performance  of  tois 
schvms  would  oc  the  :<*  a  as  the  combination  ball  and  oieeve  or.ccpt  for 
the  difference  »«  oner  unco  losses,  (Seu  figures  341  and  348,) 
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Figure  348.  Required  Increase  in  Pressure  FD  18155 

Upstream  of  Flow  Divider  Sleeve 
Valve  vg  Percent  Thrust 

(5)  Rotating  and  Translating  Sleeve  Candidate 

(U)  This  concept  combines  a  pure  rotary  sleeve  valve  with  a  poppet  that 
provides  positive  oxidizer  flow  shutoff.  When  the  valve  stem  is  rototodt 
cam  £oiisw«.s  attached  to  the  inner  cylinder  ride  on  c  contoured  surface, 
opening  or  closing  the  poppet, 

(U)  Weak  points  in  this  concept  are  the  problem  of  leakage  control 
between  the  sleeves,  high  degree  of  positioning  error,  and  complexity; 
also,  st  the  time  of  investigation,  it  appeared  that  the  unit  could  not 
control  leakage  flew, 

(7)  Sail  Valve  Candidate 

(U)  A  pure  ball  valve  cannot  perform  combined  functions.  Therefore,  for 
the  system  under  study,  at  least  two  bail  valves  would  be  required:  one 
to  regulate  primary  flew  and  another  to  regulate  secondary  flow.  Ball 
vslvas  were  considered  to  be  undesirable  as  distribution  valves  because 
of  possible  damage  to  the  seals  during  throttling  caused  by  their  high- 
velocity  fie*.?.  However,  they  do  provide  excellent  shutoff  features. 


(8)  Butterfly  Valve  Candidate 


<U)  fhe  butterfly  valve  provides  arir^ary  flew  modulation  by  wiping  s 
seal  on  the  flapper  across  a  port  cut  in  the  valve  housing,  This  Bathed 
of  modulation  would  be  extremely  sensitive  to  positioning  error.  In 
addition,  the  seal  would  likely  be  subject  to  frequent  replacement 
because  of  wear  generated  by  the  frequent  passage  over  the  primary  port. 

The  seal  would  be  subjected  to  flow  forces  across  it  as  in  the  bell  valve, 

(9)  Translating  Sleeve  Candidate  (See  figure  349.) 

(U)  The  translating  sleeve  valve  shown  in  figure  349  of  two  stationary 
am!  two  movable  cylinders.  The  outer  movable  cylinder  provides  the  shut* 
off  function  for  the  entire  valve  and  provides  the  device  fer  exposing 
the  flow  distribution  ports  to  supply  pressure.  The  contoured  secondary 
flow  distribution  ports  are  in  the  stationary  member,  while  the  primary 
port?  are  on  tho  inner  movable  cylinder  that  also  provides  the  pressure 
balanco  function  Tho  primary  ports  arc  located  ip,  the  movable  unit 
because  this  part  is  more  readily  changed  or  modified  during  the  develop¬ 
ment  program, 

(U)  Picburnor  oxidteor  flow  was  shut  off  by  driving  th«  secondary  valve 
sleeve  against  a  trapped  Teflon  seal  at  the  end  of  its  stroke,  which 
minimised  its  tendency  to  cold  flow. 

(U)  Primary  flow  was  initiated  by  moving  the  secondary  sleeve  axially. 

This  motion  oxposed  several  passages  by  drawing  a  piston  ring  so$l  over 
tham.  Those  passages  supply  flow  to  the  primary  valve,  the  primary 
flow  was  control led  by  two  contoured  ports  machined  in  the  primary  shaft. 
With  the  primary  area  full  open,  primary  flow  dletrlbutlon  was  accomplished 
at  the  injector  nosxlc,  Further  motion  exposes  five  contoured  ports  in 
the  stationary  ^.iinoor  of  the  secondary  valve,  Tho  number  of  ports  was 
optimised  at  five  so  that  tho  minimum  port  opening  at  the  low  thrust 
tovel  would  be  0.030'lnch;  it  was  considered  that  an  opening  less  than 
this  would  be  sonslclve  to  contamination, 

(U)  Baaed  on  the  secondary  flow  rate  and  the  flow  divider  valve  pressure 
drop,  the  required  effective  valve  area  was  determined.  Figure  350  shows 
the  required  effective  valve  area  as  a  function  of  thrust  level  and 
mixture  ratio. 


(U)  The  valve  turndown  ratio  and  stroke  established  the  maximum  required 
port  width.  Figure  331  shows  maximum  port  width  S3  a  function  of  valve 
stroke  and  the  number  oi  port*. 

(U)  Figure  352  is  <  valve-slslng  family  of  curves,  Tho  required  valve 
diameter  is  plotted  as  a  function  oi  total  valve  stroke  for  various 
ratios  of  maximum  port  width  to  valve  circumference. 


(U)  Figures  353  and  354  are  plots  of  the,  ^  ,rt  contours  for  a  1, 25-in, 
and  a  2-ineh  valve  stroke,  respectively.  Figure  355  is  a  plot  of  the 
valve  flow  forces  (nonccmpanaated)  as  a  function  of  thrust  level  and 
mixture  ratio. 
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(U)  Figure  356  is  a  plot  of  the  volvo  flow  forces  jest  discussed,  with 
the  addition  of  a  compensating  force  from  a  sleeve  cutback.  Met  forces 
are  plotted  sc  a  function  of  thrust  level  and  mixture  ratio.  Pressure 
bCijuce  of  the  •ieeve  is  such  that  during  operation,  unbalanced  force 
la  nagiiglble,  and  at  shutoff  the  force  acts  to  keep  the  valve  coaled, 

(U)  With  the  requirement  cor  a  high  degree  of  flow  control  accuracy  at 
^low  thrust  levels,  it  was  desirable  to  minimise  leakage  flow.  This  was 
acccsjplichsu  through  use  of  piston  ring  seals  for  distributing  as  wall 
as  pressure  balancing. 

(U)  The  translating  sleeve  valve  has  the  ability  to  include  the  thrush 
control  function  through  modification  of  the  ports  to  provide  a  higher 
turndown  ratio  and  a  greater  pressure  drop  across  the  secondary  valve, 
Thteush  use  of  a  classified  specer  under  the  main  sU've,  the  relation¬ 
ship  of  primary  open  area  to  secondary  open  area  durieg  start  -an  be 
provided.  These  two  features  provide  experiment el  valve  flexibility. 


Figure  356,  Flow  Forces  vs  Percent  Thrust  F9  18225 

(Preburner  Flow  Divider  Valve) 

(10)  Comparison  Summary 

(U)  hi  «  result  of  this  study,  the  translating  sleeve  valve  was  selected 
frost  the  candidate*  shown  In  table  XXKVX,  with  the  added  requirement  to 
provide  starting  flow  modulation  in  addition  to  modulating  the  primary- 
to-secondary  flow  ratio  over  the  operating  range. 


(U)  Table  XXXVI.  Flow  Divider  Valve  Candidates 


Valve  Typa 

Comment d 

Translating  Sleeve 

Selected  configuration  on  basis 
of  positive  shutoff,  pressure 
and  flow  balance  and  desirable 
matering  characteristics 

Pintle  urifice 

Undesirable  metering  character¬ 
istics  and  tolerance  requirements 

Pintle  Venturi 

Same  comments  ss  pintle  orifice 
with  added  length  of  diffuser 

section 

Ball  and  Rotating  Sleeve 

Rotary  sleeve  acquires  cloco  fit 
for  metering  wUh  attendant  con¬ 
tamination  sensitivity 

c.  Design  of  Selected  Configuration 

(U)  The  demonstrator  engine  slew  divider  valve,  illassrstad  assembled  on 
the  preburner  injector  in  figure  337  and  ir.  exploded  layout  figure  338, 
divides  the  oxldiser  supply  into  two  separate  flows  to  the  preburner 
dual-orifice  oxidlsar  system.  Figure  357  also  susaarisss  the  are^s  of 
design  changeb  incorporated  during  development  testing.  This  valve  also 
provides  an  exldisor  supply  for  both  the  preburner  and  main  chamber 
igniters,  and  incorporates  a  positive  shutoff  for  the  total  prebumar 
oxidizer  supply.  The  flow  divider  valve  is  located  in  the  preburner 
dome  with  the  servoactuator  mounted  outside  the  dome.  To  porrait  more 
flexibility  in  the  valve  operating  schedule,  the  demonstrator  valve  is 
longer  than  a  flight  design  and  does  not  include  the  thrust  control  func¬ 
tion,  which  may  bo  incorporated  in  the  flight  valve. 

(C)  The  rig  and  demonstrator  flow  divider  valve  la  shown  in  figure  359 
without  associated  hardware.  The  valve  has  two  metering  systems;  an 
inner  spool  valve  to  meter  primary  flow  from  ignition  to  10%  thrust,  and 
an  outer  sleeve  valve  to  meter  secondary  flow  from  10%  to  100%  thrust. 

As  the  rig  valve  was  initially  opened,  the  oxidizer  began  to  flow  to 
the  igniters,  leading  the  fuel  supply.  After  ignition,  the  valve  was 
opened  further  to  permit  the  oxidizer  to  purge  the  secondary  injectors. 
This  purge  was  maintained  ai  the  primary  spool  valve  opened.  The 
secondary  valve  ua ‘  then  opened  to  an  affective  area  of  0, 064-in. 2 
corresponding  to  a  thrust  of  10%.  The  ahim  may  be  changed  between  the 
aecondary^and  primary  valves  to  permit  an  effective  secondary  area  of 
0. 064-in.*  to  be  opened  anytime  between  start  and  thn  full-open  position 
of  the  primary  valve,  if  rig  results  indicate  that  an  oxidisar  effective 
area  corresponding  to  10%  thrust  can  be  opened  at  start. 

\ 

(C)  Thrust  modulation  between  10%  and  100%  rsq  ;ed  variation  of  the 
secondary  port  effective  area.  This  area  was  changed  in  response  to 
the  control  system  output  that  scheduled  the  required  secondary  valve 
position  to  give  the  area  required  for  a  given  mixture  ratio  and  thrust 
level  setting. 

(U)  The  cross-sectional  view  of  the  demonstrator  prebumar  oxidisar  flow 
divider  valve  (figure  357)  shows  fchu  valve  mounted  or«  the  prebumar,  com¬ 
pletely  enclosed  by  the  preburner  dome  (Inconel  718)  and  dome  cap 
(AMS  5646  stainless  steel).  The  dome  serves  as  a  plenum  chamber  In  con¬ 
junction  with  the  flow  divider  valve  baffle  to  reduce  ths  velocity  of 
the  entering  oxidisar  and  distribute  it  to  the  six  primary  and  five 
secondary  supply  ports  with  equal  pressure  dropo  across  the  ports.  The 
valve  could  be  removed  from  the  dome  for  calibration  by  removing  the 
dome  cap,  teal  assembly,  and  sorvoactuetor  end  mount. 

(C)  Figure  360  shows  a  cross  section  through  the  primary  passages.  The 
path  the  oxidiser  takes  from  dome  Inlet  through  the  baffle  and  into  the 
secondary  ports  1s  shown  in  figure  361.  Ths  material  used  for  the 
primary  spool  was  AMS  4650  (copper  alloy),  for  the  secondary  sleeve  was 
AMS  5735  (iron-base  alloy),  and  for  the  vslye  housing  was  AMS  5646 
(stainless  steel).  These  materials  were  selected  to  provide  parts  that 
were  thermally  compatible  with  seal  sliding  surfaces  capable  of  being 
chrome  plated  and  given  an  RMS  8  finish  to  provide  wear  resistance. 

They  were  designed  to  minimise  the  thermal  drift  problem  associated  wi^h 
a  valve  having  a  secondary  turndown  ratio  of  25, 3i 1. 


Figure  358.  Flow  M^ider  Valve  Farrs 


F952  3?SSE2B5 ! 


made  rtf  Ta£l  An  nn«)  m«^t  t.  J  *■ «.  nM*...«M <.  —  *i  Ji 

- - - - - *7  WV  pkVTHlih  UU4U 


J*  <  ..J _ 

tiywiUg, 


, ,  ._.  wuyrinsn 

grooves  an  tha  outside  diameter  of  the  seal  t® teiner  rsduced  usknre 

ka^UAAM  »lt*  h  /  J.U*.  _ *  _  Jt _ L  .  4 _  i_  .  f  *  - 

«»»»  a4Bi»t  **w.±ug  o«gjl  ?u«  fctfiinoy  wncn  sne  veuve  wae  &nut  (?2f* 
Ths  seal  has  s.hs  capability  of  sealing  «  maximum  areseure  differential 
o C  200  paid. 


(U)  The  secondary  metering  piston  ring  seal  shown  in  figure  362  was  made 
of  Bsrylco  25  < AHS  4650).  The  piston  ring  was  pinned  to  the  secondary 
sleeve  vslvs  to  maintain  tha  ring  gap  orientation  with  respect  to  tio 
valve  housing  ports.  This  prevented  a  possible  bind  should  the  piston 
ring  gap  alins  with  one  of  the  tapered  port  edges.  The  upper  pisto.i  ring 
se&l,  shown  in  figure  363*  was  also  made  of  Borylco  25.  Both  seals  were 
capable  at  sar.lir.g  a  maximum  pressure  differential  ot  125  ps.i,  The 
upper  seal  ring  dimensions  are  3.375-in.  ID  x  3.719-in.  OD  x  0,200-in. 
maximum  axial  thickness.  The  lower  saal  ring  dimensions  are  3.144-in.  ID 
x  3.440-in.  OB  i:  0.i40-in,  maximum  axial  thickness. 


(C)  Tha  highKpras3«ro  <3100  p6ie>  primary  spool  valve  seal  configuration 
io  illustrated  in  figure  364.  This  seal  package  consisted  of  t.wo 
Berylco  25  piston  rings  in  series  with  a  spring  energised  Tefiun  lip 
seal  (0,683-in,  0D  x  0.563-in.  ID  x  0.090-in.  axial  thickness)  on  thn 
ambient  pressure  side.  During  normal  valve  operation,  full  pressure  was 
developed  across  the  lip  seal.  If  the  lip  seal  failed,  tha  piston  r^nga 
would  permit  the  valve  to  continue  functioning  with  only  a  small  quantity 
of  overboard  leakage  (approximately  0.031  lb/aec). 


(0)  “’Tie  dome  cap  nitrogan  dam  seal  package  shown  in  figure  365  contains 
throe  floating  eotl  plates  capable  of  compenaating  a  0,034-in,  radial 
deflection  because  of  valve  machining  tolerances.  Each  seal  plate  con¬ 
tains  a  ehau  seal  (0. 811-in.  OD,  0.681-in.  ID,  and  0.065-in.  axial 
thickness)  and  a  static  *&c&  seal  (i.l87-ij>.  OD,  1.35, -in.  ID,  and 
0. 075-in,  axial  thickness).  Oxidiser  leakage  past  the  primary  and  second- 
ary  seals  is  vented  overboard.  Leakage  past  the  vent  seal  is  combined 
with  a  3C  pal  dry  nitrogen  purge  in  the  dome  cap  which  vents  to  ambiait 
around  ths  sleeve  v-slve  shaft;  this  prevents  ice  £*\>m  accumulating 
ftrsund  tha  shaft.  Ihe  design  leakage  valve  for  the  seal  package  is 
10  gees  GNg  past  the  vent  shaft  seal, 

(U)  The  high-pressure  static  seals  between  the  dome  cap  and  dome,  and 
bsiwaeri  the  proburrsr  and  dome  consisted  of  two  Teflon-coated  sotnl 
0-s?in*s  in  series.  The  inner  0-rings  were  of  ths  sell -energised  con¬ 
figuration  and  the  volume  between  these  seals  was  vented  overboard. 

(U)  TK«  aervoactuator  mount  housed  tha  isaded-bronse  (Bsariua  B-10) 
slaeva  bearing  that  supported  the  sJ.aove  valva  shaft,  This  bearing 
isolated  the  critical  piston  ring  seal  surfaces  of  the  flow  divider 
valve  from  misalignment  loads  and  vibration  loads  from  tha  servoactuator. 
The  mount  also  ineluied  aligning  shims  (figure  366)  to  compensate  for 
talers nee  accumulation  between  tha  aleav«  bearing  and  tha  valve  housing. 
Tha  actuator  mount  was  secured  ir.  place  by  3  alignment  plates  and  10 
external  bolts. 
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Figure  360.  Cross  Section  of  Primary  Ports 
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Figure  361.  Cross  Section  of  Secondary  Ports 
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(U)  Because  the  valve  was  pressure  balanced  the  full  length  of  travel, 
the  required  servoactuator  forces  ware  caused  mainly  by  seal  breakaway 
and  friction  forces.  The  maximum  required  ssrvoaccuator  force  rf  212  lb 
octured  at  start  when  the  valve  was  opened  against  the  35  pai  pressure 
differential  across  the  shutoff  seal.  The  shutoff  seal  (figure  362)  was 
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figure  366.  ServoactuaCor  Mount 
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(U)  The  predicted  flow  divider  valve  operating  characteristics,  includ¬ 
ing  valve  line  loan  are  shown  in  figuro  367. 

(U)  Design  changes  incorporated  in  the  flow  divider  valve  and  actuator 
as  a  result  of  testing  are  listed  belovt 

1.  During  flow  teata  of  tie  first  valve  assembly,  the  spring 
lock  for  the  secondary  sleeve  piston  ring  retains?  became 
disengaged  and  caused  demage  to  the  shutoff  scaling  edge 
and  shutoff  seal  retainer.  A  reviaed  piston  ring  retainer 
lock  incorporating  locktabs,  as  shown  in  figure  362,  was 
designed,  fabricated,  and  included  on  later  builda, 
eliminating  problems  in  this  area. 

2.  Wear  resulting  from  a  41, 000-cycle  endurance  teat  at  LH2 
temperatures  indicated  a  need  for  chrome  coating  the  valve 
housing  on  the  port  area  surface  that  was  in  rubbing  con¬ 
tact  with  the  Be-Cu  piston  ring.  The  housing  surface  was 
chrome  coated,  and  a  subsequent  test  revealed  a  marked 
improvement  in  resistance  to  wear. 

3.  The  locktabs  for  the  valve  retaining  bolts  were  redesigned 
to  simplify  installation.  The  new  tab  design,  which  is 
shown  in  figure  363  accommodated  two  bolts  and  eliminated 
the  requirement  to  externally  hold  the  locktabs  in  the 
required  position  during  the  torquing  procedure. 

4.  Linearity  tests  of  the  flow  divider  **alve  actuator  indi¬ 
cated  that  an  improved  potentioaster  mount  was  required. 

The  original  ?aount  allowed  a  shift  in  potentiometer  posi¬ 
tion  during  violent  actuator  movement.  The  mount  was 
redesigned  to  provide  better  eupport,  and  tests  revealed 
no  shift  in  potentiometer  position. 


5.  The  Ignitor  oxidizer  supply  passage  was  converted  to  pro¬ 
vide  a  secondary  oxidiaer  purge.  The  igniter  supply  passage 
was  connected  to  two  of  the  secondary  flow  channels,  and 
the  original  entrance  port  was  plugged. 

(O  The  pioton  aaal  teat  rig  shown  in  exploded  assembly  in  figure  369 
was  designed  to  simulate  the  flow  divider  valve  piston  and  shaft  seal 
packages.  The  rig  was  designed  to  test  0- 681-in.  ID  shaft  teale, 
1.367-in.  ID  face  seals,  and  a  0.683-in.  CD  piston  seel.  Design  operat¬ 
ing  conditions  were  temperature  of  140°!*,  5000  tc  6400  psig  GN2  inlet 
pressure,  abaft  stroke  of  1.25-in.,  and  shaft  cycle  rate  of  1  cps.  Seal 
vent  passages  ware  provided  to  taeaeure  leakage  flows.  The  rig  vaa  trans¬ 
lated  by  a  pneumatic  actuator.  Materials  and  pertinent  dimensions  were 
the  earns  ea  corresponding  flow  divider  valve  parts. 


Figure  367.  Preburner  Oxidiaer  Flow  Divider  DF  59535 

Valve  (Predicted  Effective  Area 
va  Stroke) 
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Figure  368.  Revised  Flow  Divider  Valve  Locktab  FD  22058 
Design 


Figure  369.  Exploded  View  of  Piston  Seal  FD  23420 

Test  Rig 

2.  Test  Program  and  Test  Results 
a.  Evaluation  of  Reynolds  Number  Effect 

(U)  This  test  series  was  conducted  to  assure  thac  the  Reynolds  number 
range  used  in  the  water  calibration  was  above  the  value  that  affects  the 
flow  coefficient.  Exact  Reynolds  number  simulation  during  calibration 
was  not  possible  because  of  the  pressure  limitations  of  the  water  flow 
calibration  stand.  For  the  easts  volumetric  flow  rate,  the  Reynolds 
number  in  liquid  oxygen  was  approximately  4.6  times  the  Reynolde  number 
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in  water  because  of  vlacoeity  differences.  However,  data  published  on 
tht  c  £  flc“  ccsfficisnt  to  RsyncXds  liussbsir  ?o?  aouM**  a  a  act  a 

orifices  s hoy ad  that  above  a  critical  value,  Reynolds  number  Had  no 
further  effect  on  flow  coefficient. 

(C)  This  effect  was  evaluated  by  calculating  the  valve  effective  area 
for  a  fixed  valve  position  from  data  recorded  at  several  flow  rates. 
Figures  370  and  371  ahow  the  effect  of  the  valve  pressure  drop  on  the 
effective  area  for  the  primary  and  secondary  circuits.  The  equivalent 
pressure  drop  for  liquid  oxygen  was  included  for  reference.  These  data 
show  that  no  Reynolds  number  effect  was  seen  above  100  pal  pressure  drop 
for  the  primary  and  150  pal  pressure  drop  for  the  secondary.  The  valve 
calibrations  ware  conducted  above  these  critical  values, 

(U)  Further  verification  of  th  calibration  techniques  is  illustrated 
in  figure  372,  where  the  total  valve  effective  area  ae  determined  by 
water  flow  calibration  was  compared  to  the  affective  area  as  derived 
from  combustion  rig  tasting  with  liquid  oxygen. 

b.  Water  Flow  Calibrations 

(U)  Water  flow  calibration!)  of  the  flow  divider  valve  were  conducted  to 
define  the  realtlon  of  valve  stroke  to  effective  area.  These  data  were 
correlated  with  the  design  predictions  as  shown  on  figure  373.  Deviation 
from  the  design  predictions  occurred  in  the  Cull  open  position  of  the 
primary  circuit  where  the  passage  losses  were  less  than  predicted. 

(U)  Definition  of  the  valve  stroke  to  effective  area  relationship  wa§ 
necessary  to  allow  valve  positioning  during  staged-combustion  testing 
to  provide  the  proper  flow  split  between  the  prebumer  primary  and 
secondary  flow  circuits.  The  realtionship  of  valve  effective  area  to 
other  flow  parameters  is  illustrated  by  the  nomograph  shown  in  figure  374. 

c.  Actuator/Servocontrol  Response  and  Linearity 

(U)  Tests  were  conducted  with  the  flow  divider  valve  actuator  to 
determine  (1)  the  frequency  response  and  linearity  with  the  standard 
servovalve  control  loop,  end  (2)  improvement  in  linearity  with  addition 
of  a  position  feedback  circuit  to  the  standard  aervceontrol  loop. 

(U)  A  sine  wave  generator  was  used  to  cycle  the  valve  position  input 
signal,  and  a  precision  voltage  source  was  used  with  a  potentiometer  to 
define  the  valve  position.  Frequency  reeponse  and  phase  lag  were 
defined  by  oscillograph  traces  of  the  actuator,  and  the  desired  actuator 
position  as  the  input  signal  was  cycled  at  various  frequencies.  The 
frequency  response  end  phase  lag  data  are  shown  in  figure  375. 

(U)  Nonlinearity  for  the  test  aeries  was  defined  as  the  measured  devia¬ 
tion  from  a  »*near  position  va  voltage  relationship  between  the  minimum 
and  maximum  vulve  positions.  Calibration  of  the  valve  position  potenti¬ 
ometers  indicated  their  linearity  to  be  +  0.05%  of  full-scale. 

(U)  The  standard  servovalve  open  loop  control  was  evaluated  using  tne 
system  illustrated  in  figure  376.  The  u  ,t  conducted  with  an  external 
closed  loop  on  valve  position  la  also  shown  in  figure  376. 
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Figure  370.  Effective  Area  va  Pressure  Drop  DF  56038 

for  Primary  Circuit 


Figure  371.  Effective  Area  va  Pressure  Drop 
for  Secondary  Circuit 


DF  56039 


5. 


Equation: 


W  b  AC 


W  =  Flow  llb/sec) 

AC  =  Effivvive  Ares  Un2J 
i  -  Gravitational  Constant  132.2  ft/ssc2) 
4P  =  Differential  Pressure  <lb/in2l 
p  «  Density  (lb/ft3> 


pz&P**R 

RsAC-^W 


6  W' 


Figuss  374.  Ficw  Holograph 


fd  2soea 


(y)  TV 2  types  ~i  s*"sp  input  tests  yet?  cundurtsd  for  both  op®**  loo®  and 
closed  loop  control.  The  first  test  called  for  valve  movement  in  incre¬ 
mental  steps  of  approximately  101  of  the  total  valve  travel  (0-101, 
101-20%,  20%-3Q%,  etc.).  The  second  teat  series  called  for  actuator 
aovis&er.r  in  ttep  increments  {0-101,  0-201,  0-301,  etc.).  Both  test 
series  were  conducted  with  increasing  and  decreasing  actuator  strokes  to 
evaluate  hysteresis. 


(U)  The  results  of  the  open  loop  and  closed  loop  teats  with  fixed  step 
increments  are  shown  in  figure  377  and  the  hysteresis  Is  shown  in 
figure  378.  She  results  of  the  open  loop  and  closed  loop  test  with 
increasing  step  increments  are  shown  in  figure  379  and  the  hysteresis  is 
shown  in  figure  380. 


(U)  The  majority  of  the  open  U<op  test  points  ware  within  the  goal  of 
+  0.571  linearity.  A  maximum  deviation  of  1.061  occurred  at  the  70% 
position  for  tha  fixed  step  input  series.  Linearity  for  the  closed  loop 
test  series  with  both  fixed  and  increasing  step  increments  was  within 
+  0.061. 

(U>  This  test  series  indicated  that  the  observed  linearity  and  hysteresis 
were  suitable  for  demonstrator  engine  use,  although  che  open  loop 
servocontrol  system  did  not  meet  the  intended  goal  of  +  0.5%  linearity 
over  the  entire  range.  The  closed  loop  system  would  provide  a  linearity 
well  within  the  +  U.5%  goal,  but  dc.'*>  not  warrant  the  additional  com¬ 
plexity  for  this  application. 


d.  Power  Requirements 

(IT,  A  test  program  was  conducted  to  determine  the  maximum  power  require¬ 
ments  of  the  flow  divider  valve.  3ecause  of  the  balanced  nature  of  the 
valve  design,  flow  forces  were  minimal  and  were  neglected  for  this  evalu¬ 
ation.  The  maximum  forces  occurred  during  breakaway  and  were  caused  by 
seal  and  piston  ring  static  friction.  The  piston  ring  and  seal  drag 
was  measured  at  cryogenic  conditions  and  ambient  pressure  during  the 
valve  cyclic  endurance  program.  The  results  of  this  test  are  shown  in 
figure  381. 


(C)  Endurance  testa  of  the  flow  divider  valve  were  conducted  to  evaluate 
the  wear  characteristics  of  parts  in  rubbing  contact  and  the  integrity 
of  parts  subject  to  pressure  and  impact  loading.  The  first  test  was  a 
41,000  cycle  endurance  test  conducted  at  LN‘2  ceraperaturSb 

(C)  The  valve  was  subjected  to  11,000  cycles  to  test  he  Teflon  shutoff 
seal  sealing  endurance  and  mechanical  integrity.  Figure  182  shows  the 
shutoff  sea.  * jckage  at  Intervals  during  these  cycles. 
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Figure  379.  Nonlinearity  vs  Percent  Valve  Stroke  for  Flow  Divider  Valve  Actuator  Rig  F-33465-1  DF  5*6859 

(Increasing  Step  Increments) 
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Figure  381* 
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Actuator  Breakaway  Force  vs  Cycles 
for  Flow  Divider  Valve  Rig  P-33458-4 
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DF  36862 


(U)  No  appreciable  wear  of  the  shutoff  mechanical  atop  surface  was 
observed.  (See  figure  183.) 

(U)  The  secondary  sleeve  sealing  edge  and  stop  uurfac*  showed  no  appre¬ 
ciable  wear  as  shown  in  figure  384. 


Figure  183.  Pretest  and  Post-Te^v  Condition  FD  22189 

of  Shutoff  Mechanical  Stop  Surface 


Figure  184.  Post-Test  Condition  of  Secondary  FD  22198 

Sieeve  Sealing  Edge 
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(C)  Leakage  past  the  secondary  piston  rings  was  measured  during  30,000 
cycies  os  tnc  tvst<  icn  luoussiiu  ^  po , iutiwu  1m  the  prlwtry 

range  with  iOC-pai  differencial  pressure  across  the  rings.  A  second 
10,000  cycles  were  performed  at  a  different  valve  position  in  the 
primary  range  with  no  pressure  drop  across  the  rings.  The  amplitude  for 
both  sets  of  cycles  was  0.10- inch.  A  third  set  of  10,000  cycles,  with 
auamplitud*-'  of  1. AO* inch  and  no  pressure  load  on  the  rings,  was  con¬ 
ducted  over  the  secondary  port  area.  Leakage  past  the  rings  was  measured 
at  100-psi  differential  pressure  and  is  shown  in  figure  385, 

(U)  Figure  386  illustrates  the  effects  of  pressure  loading  versua  no 
pressure  loading  on  the  rings  by  showing  the  difference  in  ring  wear 
and  De-Cc  depoeits  on  the  valve  hGuBing.  Figure  387  shows  the  valve 
housing  prior  to  testing. 

(U)  The  upper  secondary  piston  ring  exhibited  some  outside  diameter  wear, 
and  there  were  Be-Cu  deposits  around  the  secondary  port  area  on  the  valve 
housing.  Figure  388  illustrates  pretest  and  post-test  conditions  of 
these  parts. 

(U)  Bs-Cu  deposits  were  feund  on  the  inside  diameter  of  the  secondary 
sleeve  as  a  result  of  upper  secondary  piston  ring  wear.  The  lower  second¬ 
ary  piston  ring  exhibited  some  inside  diameter  wear  as  shown  in  figure  389. 

(U)  Slight  contamination  and  wear  were  found  on  the  primary,  secondary, 
and  vent  Omniaeal  shaft  seals.  The  primary  spool  piston,  piston  rings, 
the  piston  3&al  showed  moderate  wear,  and  the  piston  seal  was  slightly 
contaminated.  These  results  are  illustrated  in  figure  390.  There  was 
little  evidence  of  wear  in  the  housing  bore  area  that  engages  the 
primary  spool  piston  eer.l  and  rings.  Figure  391  shows  the  condition 
before  and  after  the  test.  Axial  gall  marks  found  on  the  shaft  surface 
of  the  primary  spool  are  shown  in  figure  392. 

(U)  The  pre-  and  post-endurance  vafer  calibration  data  are  shorn  in 
figure  393. 

(L;  The  chrome-plated  secondary  sleeve  inside  diameter  exhibited  superior 
wear  characteristics  as  compared  to  the  AMS  56A6  (stainless  steel)  valve 
housing.  Chrome  coating  of  the  valve  housing  was  indicated  for  future 
applications. 

(C)  A  second  cryogenic  endurance  test  was  conducted  to  evaluate  chrome 
coating  the  valve  housing  as  c  means  of  improving  the  wear  characteristics. 
In  addition,  it  was  desired  to  determine  the  effect  of  valve  pressure 
drop  on  piston  ring  and  housing  wear.  The  housing  wrs  chrome  coated  per 
PWA  A8  (0.0001  -  0.0002  thick)  and  subjected  to  a  35,000-cycle  test  at 
LN2  temperature  under  various  differential  pressure  loads.  The  valve 
mount  and  Installation  were  similar  to  the  first  test. 
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rhfnpji'  costed  inside  <1  i  SRU?  t  *»r .  Figt1'?  1^8  --}!>0WB  f*‘“  pri-  3  i‘l  pl'3t“teKt 
condition  of  the  lower  piston  seal  ring  that  was  in  cuntact  with  the 
valve  housing.  Figure  398  shows  die  secondary  sleeve  1  mi  Ice  diameter 
chat  was  in  contact  with  the  upper  piston  seal  ring. 

(C)  The  high  leakage  rate  indicated  by  point  (1)  on  figure  39b  Is 
explained  by  figure  399,  where  two  distinct  leakage  areas  are  indicated 
by  the  data  points.  Ihe  upper  line,  showing  data  taken  after  5,000  .ycles 
In  area  B,  ae  shown  on  figure  399,  indicates  a  larger  leakage  than  the 
remaining  data  points,  which  are  shown  in  the  lower  lls-.«*.  Inis  wan 
probably  because  of  ■  local  buildup  of  Be-Cu  at  th'a  valve  position.  Hie 
effect  of  wear  as  a  result  of  valve  cycles  is  also  reflected  In  the  lower 
line. 


(U)  In  conclusion,  the  wear  characteristics  of  the  Be-Cu  piston  rings  on 
a  chrome  coated  housing  were  acceptable  for  the  design  differential 
pressure  range.  For  higher  differential  pressure  applications,  two 
additional  revfsions  are  recommended  as  follows: 

1.  Tii ^  hardness  of  the  valve  housing  and  secondary  sleeve 
tested  were  53.5  and  6s  respectively,  as  measured  on  the 
Rockwell  "A"  scale.  The  piston  ring  hardness  was  measured 
at  b9  on  the  Rockwell  "A"  scale.  Tie  valve  housing 
exhibited  much  greater  wear  than  tin*  sleeve,  as  shown  in 
figures  394  and  398.  An  increase  in  the  hardness  of  the 
valve  housing  parent  material,  to  « xceed  that  of  the  piston 
ring,  is  recommended  to  prevent  horsing  material  deforma¬ 
tion  below  tile  chrome  coat. 

2.  The  pressure  loading  effects  of  tne  piston  rings  can  be 
reduced  by  a  piston  ring  redesign,  by  increasing  the  bear¬ 
ing  area  of  the  ring  on  the  low  pi  assure  side,  the  unit 
compressive  stress  can  Lr  reduced,  thus  improving  the  wear 
characteristics. 

The  pre-  and  post-test  water  calibrat  1  o  ib  ,  shown  iri  figure  400, 
indicai-  little  effect  from  piston  ring  wear. 

(CJ  The  effect  of  operating  pressure  and  mecianica*  cycling  on  seal  drag 
wus  uetermlned  during  an  endurance  test  on  t.ie  piston  seal  rig.  Maximum 
seal  crag  remained  essentially  constant  aftei  5000  mechanical  cycles  and 
indicated  an  increase  of  100  lb  force  over  t: u  ambient  pressure  force 
levels.  A  maximum  breakaway  force  of  200  pouids  was  defined  by  combining 
rlie  results  of  these  tests. 

(v)  Tiie  valve  horsepower  req  Ireinints  as  a  function  of  required  response 
is  shown  in  figure  40a  for  a  valve  stroke  of  ..  25(- inches . 

f.  Translating  Seal  Rig 

(U)  Tne  flow  divider  valve  test  activity  is  summarized  in  tables  XXXVI 1, 
XXXVI II,  and  XXXIX. 
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Figure  396.  Flow  Diviaer  Valve  Piston  Ring  Leakage  vs  Cycles  -  Rig  F-33458-6  DF  39337 


Figure  197 .  Pictest  and  Post-Teat  Condition  of  FD  23020 
Upper  Secondary  Piston  King 
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Figure  3'<8.  Pretext  and  Post-Test  Condition  of  FI)  23021 

Lower  Secondary  Piston  Ring 
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Flow  Divide*-  Valve  DF  5QS3Q  Figure  iOl  .  Flow  livider  Valve  DF  5^7^ 

Effective  A’-ea  vs  Stroke  Maxiiwuai  Power  Rcqui  reoent.- 

Rig  F-33^-8-6  for  Full  Stroke  of  2.7S  in. 
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<'■)  Hit*  i  rnnuiailtiR  seal  rig  was  constructed  to  duplicate  the  flow 
•Jlvl.'.er  valv-  shaft  and  balance  seal  configuration. 

i  • 

(V)  Tin-  seal  candidates  sliown  in  figure  402  wefrefisbjected  to  mechanical 
hhI  pressure  cycles  at  the  maximum  operating  pfieisure  and  LN2  tempera- 
t  tires.  The  Omni sea)  shaft  seal  dimenslona  are  0. 811 "in.  0D,  0.681-in.  ID, 
md  0.00‘j- in.  oxlal  thickness.  The  Omniseei  face  seal  dimensions  are 
I.I87- in.  or),  1.357-lr..  ID,  ar.d  0.075-ln.  axial  thickness.  The  Bal- 
ImhiI  pinion  seal  dimensions  are  0.683-ln,  OD,  0.563-ln.  ID^-  and  0.060-ln. 
'.xial  ( 1 1 1 ckreas . 


Figure  402.  Piston  Seal  leu.  Klg  and  Sent  FD  18400D 

('and  1  dates 


( 1 .)  in,,  seal  rig  was  submerged  in  LNv  with  a  10  pslg  ON 2  purge  in  all 
i  !*'«•»;.  After  tin*  rig  was  cooled  to  LNv  temperature,  the  purge  was 
a n .p ,  the  inlet  pressure  was  increased  and  maintained  between  5^000 
and  o,40h  p;,  ig,  and  cycling  was  Initiated.  The  rig  was  translated  a 
total  stroke  of  1.375  in.  hy  a  pneumatically  actuated  piston.  Leakage 
m  iiMui'iments  wer«*  taken  ai  intervals  during  cycling. 

1  (. )  Lin*  results  of  these  tent  s  are  summarized  in  table  XL.  The  primary 
Me.,  of  them*  tests  was  to  define  a  suitable  Heal  configuration  for 
the  fluu  divider  valve  with  vert  leakage  less  than  10  secs  for  10,000 
cyi-les.  Pressure  cycles  were  defined  as  n  increase  in  Inlet  pressure 
1  ruin  (1  nnig  to  r>,  000-6, 400  p«ig  and  then  a  decrease  to  0  fthig. 

1,  ;  ;  I  •  1  .,(•  j  c(  t  .-.I  nuaI  configuro  ion  is  discussed  f  n  tin  following  para- 

e.)  .i|d’S . 
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Piston  S«a’.  Rig  Leakage.  Rig  (T- 33^35-': 


UNCLASSIFIED 


UNCLASSIFIED 


UNCUSSIFIEB 


(1)  Shaft  Seal 


Configuration  Material 


t jewtion 

Static 

Pynami c 

Si  ".tie 

Dynamic 

7enc 

Omniseal 

0-ciueal 

Teflon 

Teflon 

.secondary 

Omniseal 

Omni seal 

Teflon 

Teflon 

Primary 

Omni seal 

O^nisuul 

Glass- 

filled 

Glass- 

fi-il-od 

Teflon 

Teflon 

(2)  Balance  Piston 


iial-Scai- 


Clsss-Pilled  Teflon 


lU)  This  conti fia.*atiofi  was  selected  because  the  glass-f tiled  teflon  seals 
are  better  suited  fnr  the  high  differential  pressure  Toca  cipfia  -b£«*»‘u3e 
of  the  reduced  tendency  of  the  filled  material  to  cold  flow.  The 
fibrous  glass  fillers  impart  greater  dimensi onal  stability,  reduce  the 
elfect  of  thermal  changes,  and  improve  abrasion  resistance, 

(b)  The  i-o f Ion  seals  were  retained  at  the  l^wer  pressure  locations 
because  of  their  improved  sealing  characteristics. 

(U)  Test  results  indicated  that  further  reduction  in  seal  leakages  as  a 
function  of  time  would  require  an  improvement  in  the  shaft  surface  finish 
as  a  means  of  reducing  seal  wear. 

Cdl  Elcctropolishing  was  evaluated  as  a  means  of  impt-iong  surface  finish 
by  removing  sharp  edges  by  chemical  means.  Several  chrome-plated  samples 
Wire  clectropolished  with  various  solutions  and  current  dens’ ties  until 
a  suitable  process  was  define?-.  The  translating  seal  rig  shaft  was 
first  vapor  blasted  with  numbt?  400  grit  aluminum  oxide  (0-0015- in. 
maximum  diameter  particle  sizO  at  lOv  ysig  air  pressure  to  provide  a 
uniform  matte  finish  The-  distance  from  tin*  vapor  blast  noxzlu  to  the 
shaft  surface  was  3-in.  Then  the  shaft  was  elec.tropolished  as  shown  in 
figure  41V-  The  ioccss  is  outlined  as  follows :  .Solution;  (concehtrat  1 
sulfuric  acid  -520  CC,  concentrated  phosphoric  acid  -  1700C,  citric  acid 
-90gm,  methane I  -120CC,  and  water  to  make  1  liter)  Current  density, 

1.0  amp/in?  of  surface  area  for  three  minutes  at  a  temperature  of  80  to 
9ir-'i. 


(U;  The  results  of  a  test  to  evaluate  the  electropol-whetl  shaft  surface 
were  i' loaded  by  the  a>:>a  1  scratches  incurred  on  the  shaft  dming  the 
test.  The  test  should  be  repeated  for  conclusive  results. 


(L)  Licet repel ish  offers  a  means  of  improving  the  wear  characteristics 
-i  a  mechanical iv  polished  surface  by  removal  of  sharp  edges. 
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Figure  419,  Polishing  Techniques 


FD  22414 


3.  Test  Facilities  an4  Procedures 

a.  B-21  and  B-22  Teat  Stands  (See  figures  420  and  421.) 

(U)  Control  calibrations  and  cycle  teats  varo  obtained  through  the  use 
of  closed  loop  water  blowdown  faoility  on  the  B-21  stand  and  the  high 
pressure  GNg  flow  bench  with  cryogenic  cooldown  capabilities,  on  the 
3-22  stand.  The  water  flow  loop  consisted  of  a  2100-gallon  run  tank, 
which,  when  filled,  was  pressurized  to  tha  required  level  froa  a  5000-paia 
nitrogen  source.  The  tank  was  capable  of  supplying  water  at  1500-pela 
to  the  inlet  of  the  test  itea  at  flow  rates  froa  IS  to  100%  of  the 
equivaL~£  23QK  sain  ©sygen  flow  rate.  The  water  passes  through  electro- 
hydraulic  control  valves  that  aet  the  preprogramed  flow  vsraus  pres curs 
rasp  to  tha  test  itea.  A  20-channel  analog  cosputa?  was  used  for  this 
purpose.  The  water  flews  through  the  teat  section  and  into  a  catch  tank 
that  recovers  the  working  fluid.  The  recovered  water  was  than  pimped 
back  to  the  rim  tank  for  reuse.  Turbine  flowoatera  ware  used  for  flow 
ssgsyreaenfc,  and  data  wore  recorded  on  atrip  charts  and  on  an  18-channel 
oscillograph,  A  ©inicua  teat  duration  of  30  seconds  was.  afetcincdwlth — 
this  ays tea  when  operating  at  the  naxlaua  flew  sat*.  ^ 

(’j)  The  high  pressure  GN2  flow  loop  on  tha  £-22  stand  consists  of  a 
10,000  psig  GH2  supply,  electropneusatic  control  valves ,  and  turbine 
flevaatere.  A  large  dower  cooldown  tank  was  available  for  cryogenic 
tafisarsture  tests.  This  stand  used  the  easa  analog  computer,  strip- 
charts,  and  other  control  end  recording  facilities  as  the  B-21  stand, 

b.  Test  Procedures 
(1)  Vtes «r  Calibration 

(U)  For  water  calibration,  the  flow  divider  valve  was  Installed  in  the 
test  block  end  mounted  on  tha  B-21  stand  as  shown  in  figure  422. 

0!)  The  valve  was  instrumented  as  shown  on  figure  423  and  the  data  were 
recorded  on  atrip  cherts  during  the  teat. 

4S5 


(U>  Primary  end  secondary  circuits  were  calibrata4  separately!  one  circuit 
*sss  blashsd  oti  yhii®  the  ether  “ee  fl^ed-  A  fis*e  diffscaatiel  pres¬ 
sure  was  esc  end  Esinr.sined  through  closed  loop  central  on  the  stand  ccn~ 
tvol  valves.  A  valve  pssiticr.  wee  set  and  the  system  was  sUewed  t« 
stabilise  before  p&rssstsrs  were  recorded.  The  procedure  w#a  repsastm 
for  oths’e  valve  positions. 

(V)  From  the  csEpsrwtuvs,  flow,  and  valve  pressure  drop  data  recorded, 
v  *  valve  effective  areas  as  a  function  of  valve  stroke  was  calculated. 

(2)  Cryogenic  Checkout  and  Cycle  test  Procedure 

(U)  Flow  divider  valve  cryogenic  tests  were  conducted  on  the  3-22  stand. 
The  valve  was  counted  in  the  tost  block  and  installed  on  the  stand  IN2 
catch  tank  (figure  424).  The  valve  was  instrumented  es  shown  in 
figure  425. 

(U)  Liquid  nitrogen  was  used  to  cool  the  valve  to  cryogenic  conditions. 

(3)  Translating  Seal  Rig  Test  Procedure 

(C)  The  piston  seel  rig  cryogenic  cycling  testa  were  conducted  on  the 
3-22  stand  with  the  test  rig  shown  in  figure  426.  The  rig  was  immersed 
in  a  tiswar  of  LN2  high  pressure  GNg  (3,000  to  6,400  psig)  wss  introduced 
into  ehc  rig  and  seal  vent  flows  and  temperatures  were  monitored. 

(li)  A  schematic  of  the  rig  as  installed  in  the  stand  is  shown  on 
figure  427. 


Figure  420,  3-21  Control  Cslfheeti^a  ?esiltsy  PC  13??5 


Figure  421,  8-22  Cryogenic  Static  Cycle  Stand 
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Figure  422,  Flow  Divider  Valve  Mounted  on  FS  68234 

b«21  Stand 
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Figure  424.  Flow  Divider  Valve  Mounted  on  ?E  68532 
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4.  Conclusions 

-* 

(U)  The  design  selection  studies  |?r&eated  that  e  translating  siocvo 
vsiva  would  best  aesoasKxiate  lr&  #;4tcta  requirement  So?  this  V5c.v*s» 

Three  flew  divide?  valves  were  f6\£ici&5d,  wata?  flow  calibrated.  sr.d 
wasted  at  cryogenic  .  seditions*  Sosa  pr*cu?s®sut  dulsya  wsco  encountered 
in  fabriegtien  of  eh&  Bain  v*ly»  housing  and  the  secondary  olesvfl  pistaa 
ringo.  The  first  v«lV»3  vsm  weed  for  endursnco  testing  sad  general  css- 
ponant  development;  r,h®  and  third  valves  war®  used  with  the  ssegad 

ccsaoustien  test  rig, 

(C)  Tm  wets?  flow  s&Ubretisita  showed  cleis  agm&sr,?.  with,  the  design 
ps’cdictienc  c&4  cnafisssi  the  design  fenslysis .  Csyoj;saia  endurance  c^ats 
included  41,(700-  sad  3?,0SC*c?elc  teste  to  investigate  durability  aharac- 
tayiesies  of  the  eospstiont  ports.  Itesign  i^rovemaats  indicaUd  fey  the 
first  endurance  teas  wsr®  evaluated  during  the  ascend  endurance  test  sod 
resulted  in  acceptable  eesyoaaat  wear  at  the  original  design  conditions)' 

(U)  A  translating  seal  rig  was  daelgnac  and  nine  endurance  tasf?  ver® 
conducted  so  avaluat©  seal  configurations.  Translating  seal  t?g 
endurance  seese  d^aoms&ratsd  acceptable  leakage  characteristic*  (lose  than 
10  sees  vent  seal  leakage^  for  the  aailicfcad  seal  packugo  configuration. 

(U7  Teasing  slth  the  staged  combustion  rig  deaonstrataw  acccptsil«  cssg  ,.. 
ponent  operating  qimr*atari3tics  with  no  failures  or  eseegaiva  overboard  -" 
or  ihufioff  leskegs. 


»- 


l ,  3s|feff>ptiSen 
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(C)  the  threat  efnsrel  wae  required  to  rsgulat  th*  orahurner  asidiuSs' 
*V»  eves  crapulent  and  gteadyetsts  aerating  tangs**  is  control  destvti 
rVus?.  a§  a  function  of  the  required  pushing  pcw*r  iavel,  ih£  eontvoi 
syssea  concept  uses  direct  j&araurtfcsflt  si  sre^eUaci  flow  rets.  The 
coot?*!  valving  Squired  was  a  raguigtifig-'typo  valve  that  vac  pcsisiensd 
eu  a  function  ef  the  flow  error  signal  baswasn  the  desired  flew,  as 
datt  '.cined  by  "he  control  system  computer,  ana  she  sequel  flow,  r*a 
/ ‘.texaintsl  fey  the  control  syatss  f lobsters.  Thn  throat  control  ?eg*> 
l  \fcing  valve  dasigft  requirement?  war©  established  through  engin©  iysls 
$..  alyosa  and  a?e  shewn  in  figure  42S. 


(Q)  An  ^issl  enruet  control  configuration  would  possess  th=  t 


cl azacsefistics «  (1)  wi-ie  turndown  zasia,  (2)  pressure  &nd  fiow  balance, 

(, )  t'eini^us  yroaBure  drop.  (4)  light  weight,  and  (5>)  capability  of  being 
develops!  to  the  reliability  levels  tecuirea  Jot  a  .ICHbry*  "3v  arc-ics. 
cion.  tissues  tvs  single  valvft-  configuration  was  an  obvisus  choice,  it 
was  raqmrad  to  invagtigata  srvcral  configurations  analytically  to  sake 
&  mien  ibis  selection. 


(i)  Sle»yt'?alvu  Candidates  (figures  429  and  430) 


■Uti^g 


(UV  !!he  translating  eiaavu  v®*ve  is  mors  widely  used  t»  a  r. 
valve  thin  any  other  type  where  low  *ct  etion  *orcns  am  doi,vs«vv.  pro¬ 
viding  no  shul off  function /.a  raquirwd.  Thie  type  of  *»alvc  ic.  inherently 
£b?se  baianead  escape  fas  she  pressure  gradient  cauaed  b-*  flow,  wish  is 
diaewsasd  in  a  later  paragraph*. 


(U)  Sa  eha  translating  sleeve  valve  candidate,  sh&zp-adfcfjd  type  &afc$r= 
Ing  port  was  used  to  provide  the  proper  flaw-  -  :p?@siuxi  dp  npchsrac.  Ut¬ 
tering  The  pacnctric  area  o£  the  metering  port  i-sy  fct  de :oj tti«r-5  «s  a 
fuactiUm  of  fluid  density,  valve  pfcsseuvc  drop,  and  flow  r$to  as  fellows: 
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gaosssric  ^ 


wistdf 


w  *  Weight  flow 
'  (*  «  fiup^iey 

si  ?2-5Pi*«ja:U  «7«Sp 

1*  Ceng  last  CC^  is  absorbed) 

(U)  &ss@u§s  thei'i  variables  era  functions  ef  thrust  l&kl  end  -si&Sfcfs 
ggtle,  she  required  §®e©et?i*  sras  f^y  b?  beufersiRSd  1®  plotted  in 

a.  I  £  _  _  _  0..^.  ^  Kid  ***•*•«*.#»  4  A  . 


iHauM*  431  &&  a  function  oV  thrust  leva!  and  aiutur®  i$6io. 
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Figure  429.  Thruet  Control  Translating 
Sleeve- Inverted  Pintle  Valve 
Candidate 
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figure  430.  Thrust  Control  Translating  R)  18231 

Sleeve-Pert  Contoured 
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Pigurc  431.  Geooetris  Flow  Araa  Required  vs  FD  18162 

Percent  Thrust  (Thrust  Control  Valve) 

(U)  A  constant  percentage  error  port  contour  yields  an  area  versus 
stroke  relationship  that  say  be  expressed  in  the  fora 


where 

Ap  •  Port  area 

*»  Maxiouc  port  area 

x  •  Valve  travel  frca  a  reference  da tun 
(U)  Differentiating  the  above  equation  cith  respect  to  valve  travel 


£-<v* 

(U)  Dividing  dAp/dx  by  Ap, 


W  xna  value  ai  C,  SniissOfs  t  is  ika  crcr.  frsctissal  cfc*aa&  utth  respect 
to  a  positions!  ssvsssnt^ef  the  valve }  o r,  €  is  the  percent  area  error 
per  positional  error,  me  vaiui  §1  C  say  bo  established  fro-  the 
boundary  conditions  oi  the  original  equation. 

(U)  If  x  *  0,  then  this  ic  the  position  where  the  port  area  is  a  tanisusi 
and,  therefore,  when  x  »  x  th®  port  area  c-ust  be  a  winiaua  and  C  suet 
be  negative .  ®S5 


®  A  e 


Dividing  both  side®  of  the  equation  by  A^l 


ratio 


therefore. 


5  ■  lh  lfo<Ar«lo> 


(U)  It  can  be  concluded  that  the  accuracy  sensitivity  of  th«  valve  is  a 
function  of  the  total  stroke  and  the  valve  area  turndown  ratio.  Pros  the 
value  of  C,  the  percent  error  in  valve  area  say  be  determined  and  ie 
plotted  in  figure  432  es  a  function  of  percent  of  total  stroke  positional 
error,  k  rang®  of  vulva  tumdovn  ratios  ie  used  in  addition  to  the 
design  ratio  to  show  the  accuracy  sensitivity  to  turndown  ratio. 


(C)  A  major  mechanical  problem  with  the  translating  sleeve  valve  is  the 
inherent  bypass  leak  path  through  the  clearance  between  th»  sleeve  and 
the  housing.  To  accurately  control  the  minimum  valve  flow  area  for  s 
high  tumdovn  ratio  valve,  it  la  necessary  to  minimise  this  leakage  ares. 
The  easllest  effective  flow  area  that  would  be  called  for  by  the  engine 
is  0. 025-in.2.  For  four  equally  epeced  square  ports  end  a  0.002-inch 
radial  clearance,  the  leakage  area  could  be  0.014-in.2,  or  more  2han  58% 
of  the  flow  area.  This  leakage  problem  dictates  the  use  of  piston  ring 
seals  on  tbs  translating  element,  thereby  reducing  the  effective  leak 
path  area  to  slightly  more  than  22  of  the  minimum  valve  area.  Incorpora¬ 
tion  of  piston  rings  increases  the  actuation  forces  by  approximately 
200  pounds. 

(U)  The  rotating  sleeve  valve  has  an  inherent  leek  path  similar  to  that 
in  the  translating  sleeve,  except  that  it  is  virtually  impossible  to 
seal  excess  through  use  of  extremely  doss  running  clearances  between 
the  sleeve  and  housing.  Far  this  reason,  the  rotating  sleeve  was  not 
given  serious  consideration  as  a  candidate. 


figure  432-  Percent  Error  in  Area  vs  Psrcent  1S165 

Error  in  Stroke  (Thrust  Control  Valve) 

(V)  For  a  constant  percentage  metering  port,  once  the  ssRitsas-te^sisus 
port  area  ratio  has  beer  established,  the  maximum  port  width  is  a  func¬ 
tion  of  valve  stroke.  Figure  433  is  a  plot  of  the  us&lsus  port  width 
for  a  single  port  valve  es  a  function  of  total  vaiui  stroke.  For  multiple 
port  configurations  the  ssnimus  port  width  would  reduce  proportionally 
to  the  number  of  ports. 


(U)  To  slss  a  sleeve  valve  it  would  be  convenient  to  dsfine  a  vaivs  p&rsss- 
eter,  g  .  This  paraisster,  *?,  is  defined  as  the  fraction  of  mssisum 
total  valve  port  width  to  valve  circumference. 


H 


rr:854 


inste 


**  Hssiaua  port  width,  zot&l 


D 


»  Valve  diasstet 


iy  rearranging  cha  above  equation,  it  may  be  solved  rer  the  vaivo 
diameter; 

D  .  JMM 
v  Wff 

(U)  Because  the  maxisum  pert  width  is  a  function  of  total  valve  stroke, 
the  required  valve  diameter  may  be  determined  from  figure  434  as  a  func¬ 
tion  of  valve  stroke  and  *?. 

(U)  Figures  435,  436,  and  437  are  plots  of  the  port  contours  for  valve 
strokes  of  3.0,  2.5  and  2.0  inches,  respectively.  These  contours  are  con¬ 
stant  percentage  error  metering  ports,  and  the  effective  area  vetsus  stroke 
curve  associated  with  each  of  the  above  valve  strokea  is  shown  with  its 
respective  port  contour. 


0  1.0  2.0  3.0  4.0  5.0 


TOTAL  STROKE  .  In. 

Figure  433.  Maximum  Fort  Width  Inquired  for  a  FD  13200 
Constant  Percentage  Sleeve  Valve 
as  a  Function  of  Total  Stroke 
(Thrust  Control  Valve) 
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<C)  Tne  fluid  ssdius  gcr.srstss  axial  flow  fares S  £hs?  a?*  * asaUeaa  called 
BsinywUi  Forscs  S3  it  SS3SS5  through  the  senteu*#4  port,  These  to rose 
ere  developed  ae  the  fluid  accelerates  to  the  voua  contracts  end,  in  so 
doing,  generates  e  static  pressure  gradient  in  the  radial  direction 
along  the  sleeve  wall  acting  along  the  circumferential  port  width.  This 
pressure  gradient  acting  along  the  port  face  (exposed  circumferential 
width  multiplied  by  the  radial  sleeve  thickness)  is  opposed  by  a  force 
at  ths  other  end  of  the  sleeve  made  by  a  stagnation  pressure  acting  over 
the  same  area.  The  difference  in  the  two  forces  yields  the  net  axial 
force  exerted  by  the  fluid  on  the  valve.  Figure  433  is  a  plot  of  this 
force  S3  a  function  of  thrust  level  (r  «  5.0  worst  condition)  for  two 
types  of  sleeve  valves.  The  inverted  pintle  type  (figure  429)  yields 
considerably  higher  loads  than  thu  port  contoured  sleeve  valve  (figure  430) 
because  the  static  pressure  gradient,  which  is  fluid  induced,  is  exposed 
to  a  larger  area. 


(U)  The  horsepower  required  is  established  in  a  similar  fashion  to  the 
butterfly  candidate.  The  demonstrator  engine  simulation  yields  art  area 
rata  of  change  requirement,  dA/dt.  The  valve  has  a  relationship  between 
area  and  stroke,  dA/dx.  Dividing  the  area  rate. of  change  by  the  area- 
stroke  relationship  yields) 


mi 

dA/dx 


dt  IdAj 


dx 

dt 


where  V  is  the  required  axial  valve  velocity.  Knowing  the  axial  forces 
(Bernoulli)  end  the  shaft  axial  velocity,  the  horsepower  required  to 
overcome  the  flow  forces  in  accordance  with  an  engine  transient  Is 
determined  from: 


hp 


(FW)(V) 


where 


F„  ■  Flow  forces 


V  •  Axial  valve  velocity 
hp  *  Horsepower  required 
K  *  Constant 


figure  439  shows  the  hosaopovar  required  for  two  types  of  sleeve  valves. 


figure  A38.  Axial  Oynasaic  Flow  Forces  FD  18?63  Figure  A39.  Horsepower  Bequired  to  FB  l$2jr2 

vs  Percent  Thrust  at  Overcome  Flow  Force  vs 

r  »  5  O^rust  Control  Valve)  Percent  Thrust  at  r  w  5 
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\*<?  in*  p&nc&?  os  ste  p  „«£i®-ss'js*e?  vRivs  is  trsnmt&ns  piu§, 

contoured  so  yield  £fc«  daeis-sd  jsia*  ionship  a£  flow  area  se  ©s'isi  post-* 
cion  in  the  orifice,  Toe  pietla  eeafeoara  invsetigsfcad  in  this  -study  min 
determined  by  the  conat&ue  p«re<$nt  &i  &tm  error  sashed  previeuBiy 
described.  '  »  ‘ 

(V)  At  ehe  lev?  flow  condition#  a?  operation,  she  clearanea  batwasn  Che 
pintle  and  ths  housing  becomes  extrs&siy  ««ali3  thus  retiring  oioa® 
control  of  concentricities  and  providing  a  possible  ar®a  of  eottt&ain&tiost 
sensitivity.  In  addition,  seesntrislty  is  a  narrow  snnulus  produces  a 
gfeas  affection  eeoffielont  of  discharge  ef  she  orifice  or  venturi  and 
would  result  'in  uncertainty  of  velv?  performs ncs  prediction, 

(U)  In  determining  the  required  gac&ctric  flow  arae  for  ®  pintia^orifice 
valve,  an  atnlysis  similar  "e  shat  for  eh®  sleeves  valve  la  performed. 

Tha  pressure  recovery  factor  influences  she  pintle-orifice  calculation, 
Esesntisliy,  she  pressure  recovery  factor  results  in  a  valve  securing 
pressure  drop  (total  valve  inlet  pressure  sinus  valve  throat  static  press- 
sure;  that  exceeds  she  valve  flange-to-flanga  pressure  loss.  This  r«sulfcs 
in  smaller  area  requirements  for  a  given  flew  than  in  a  slaeva  valve 
where  port  metering  contours  yield  low  recovery  factors.  Figure  44X  i® 
a  plot  of  the  rsquirsd  gsomasris  flow  aras  m  a  function  of  thrnrt  Ifvai 
and  mixture  ratio,  The  percent  recovery  factor  is  plotted  in  figure  M2, 
The  recovery  factor  varies  according  to  the  variation  in  throat  ©ran  mi 
the  shape  of  the  pintle  contour  at  the  throat  Consequently  the  recovery 
factor  varies  with  thrust  level  and  mixture  ratio, 

(U)  Integrating  tho  static  pressure  profile  over  the  bullet  face  of  the 
pintle  provides  ths  pintle  valve  opening  force.  This  force  ia  plotted 
in  figure  443  aa  a  function  of  thrust  level  and  mixture  r^tio,  because 
ths  prsseura  profile  on  the  bullet  face  varies  with  the  environmental 
pressures, 

(U)  tt  thh  preesuisc  acting  on  areas  opposing  the  opening  force  were 
integrated,  tha  results  would  yield  an  axial  valvo  closing  load.  This 
closing  load  can  fea  altarsd  to  obtain  "matching  characteristics”  with 
tha  vulva  ©p$nia§  load  fcy  varying  the  pintle  shaft  dieter  or  providing 
a  balance  pistda,  Figure  444  i  a  plot  of  ths  net  axi4l  vaiva  fores 
(opening  plus  closing  loads)  aa  &  function  of  thrust  Jsvel  and  mixture 
rati©  for  a  1. 45-inch  diamatar  shaft. 


<U)  As  §hfe  syataa  demand  for  geometric  vaiva  area  change  is  made,  because 
of  engine  throttling  and  mixture  rati©  excursion,  the  valve  must  bo 
positioned  according  to  thrust  level  and  mixture  ratio  as  shown  in 
figuy®  445,  This  pa&ifcion  plat  i@  in  accordance  with  tha  required 
gaoisstrle  How  area  plot  shown  in  figure  441, 
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(C)  Ths  pc  curacy  of  She  plods  orifice  valve  candidate  is  3.6  percent 
6rea  error  pec  1  percent  positional  error.  The  cower  required  to  follow 
a  simulated  engine  transient  is  0.113  housepowar. 

(3)  Pintle  Venturi  Valve  Candidate  (figure  446) 

(a)  Caviteting  Venturi  Scheme 

(U)  Xt  is  necessary  that  the  venturi  throat  static  pressure  be  msint»ii.«d 
at  the  saturation  pressure  of  the  fluid  or  slightly  lover  to  maintain 
cavitation. 

(U)  The  throat  static  pressure  nay  be  calculated  knowing  the  venturi 
inlet  and  discharge  pressure  and  the  pressure  recovery. 

(U)  Defining  whe  following  variebloa; 

Pin  *  Vei.turi  inlet  pressure,  (total) 

»  Venturi  dir  charge  pressure,  (total) 

•  Recovery  factor 

?6  •  Throat  pressure  (static) 

Then  the  throat  head  nay  be  written  in  eeran  of  the  recovery  factor, 
throat  static  pressure,  and  the  venturi  discharge  pressure  m  follows : 

(PL  -  PC  )  N  *  Pc  •  PD 
Solving  for  P„, 

L 

F  Jj>ih ny 

*  (‘  -  *.) 


(C)  As  long  as  the  throat  pressure  remains  at  or  below  the  fluid  satura¬ 
tion  pressure,  the  venturi  will  be  in  a  cavitation  regime.  Figure  447 
is  *  plot  of  the  throat  pressure  as  a  function  of  thrust  level  at  a  fix¬ 
ture  ratio  of  7.  The  venturi  will  not  operate  in  a  cavitation  soda 
above  79. thrust  level. 

(b)  Honcsvitating  Venturi  Schema 

(C)  To  operate  a  venturi  successfully  in  a  noncavitating  mods,  the  static 
peaseur*  in  the  threat  aust  be  maintained  above  saturation  pressure  of 
the  fluid.  Figure  443  shows  that  the  venturi  would  cavitate  at  any 
thrust  level  at  a  mixture  ratio  of  5.0,  and  at  a  thrust  levs)  belc»  351 
regardless  of  mixture  ratio,  thus  eliminating  the  pintle- v?  *uri  from 
consideration  because  accurate  engine  control  cannot  be  maintained  with 
the  valve  passing  through  a  transitional  flow  condition. 


* 


Figure  448.  Throat  Pressure  Required  to  Mstar  FB  1818? 
Scheduled  Flow  and  & P  Loss  Across 
Venturi  vs  Percent  Thrust 


(4)  Rotating  Plate  Valve  Candidate  (Figure  449) 


(U)  Tha  rotating  plate  valve  scheme  consists  of  two  plates,  one  stationary 
and  the  other  rotating,  regulating  flow  by  exposing  area  cesssort  to  both/ 


(U)  A  thrust  bearing,  which  is  not  shown  in  the  design  sketch,  supports 
the  load  imposed  by  a  valve  pressure  difference  to  niniaize  actuation 
fjrco  requireaants.  Face  seals  are  incorporated  to  reduce  bypass  and 
pnrr-to-pcrt  leakage.  The  valve  shown  in  figure  449  has  circular  porta 
and  face  seals  for  manufacturing  aasa  and  compact  size.  If  contoured 
ports  were  required ,  as  in  other  schemes,  for  equal  percentage  error 
characteristics,  the  secondary  face  seel  would  be  difficult  to  manufacture 
and  the  size  of  the  valve  would  be  necessarily  larger  to  accceacdate  the 
long  porte. 


(5)  Butterfly  Valve  Candidate  (figure  420) 

(U)  The  butterfly  valve  candidate  for  tbs  thrust  control  valve  uses  a 
straight-through  actuation  shaft  configuration  with  a  ratsovrola  flctfper. 
The  design  was  evaluated  with  both  Journal  end  roller  bearitgs  on  either 
end  of  th<»  shaft.  Use  of  roller  bearings  reduced  tha  actuation  forces 


imposed  by  bearing  friction  from  21  ft -lb  to  approximately  0,2 
Dynamic  seals  were  incorporated  on  both  ends  of  the  shaft  to  aliainaco 
thrust  loading. 

(U)  A  streamlined  flsppor  of  0.75Q-inch  maximum  thickness  was  selected 
to  minimise  base  pressure  loss. 


(c)  The  thrust  control  is  required  to  pass  the  sasisua  flow  rata  with  a 
naxirsua  pressure  drop  of  ICO  psi.  In  general ,  if  a  flow  rate  and  presaure 
drop  are  specified  for  a  butterfly  valve,  the  required  valve  throat 
disaster  depends  on  the  flapper  opening  angle,  figure  451  illustrates 
the  required  valve  flapper  position  as  e  function  of  valve  throat  disaster 
for  easdaua  flow  rate  and  100  psi  and  50  psi  pressure  drop  conditions. 

This  comparison  reflects  the  sensitivity  of  the  valve  sire  with  respect 
to  pressure  loss  across  the  valve  at  naxisun  flow  conditions.  For  a 
given  throat  diameter,  the  minimus:  Clapper  opening  can  be  determined 
using  the  flow  rate  and  pressure  drop  corresponding  to  the  minimum 
required  thrust  level.  Therefore,  figure  451  Illustrates  ths  required 
throttling  range  of  the  butterfly  valve  in  teras  of  angular  opening  as 
a  function  of  valve  throat  diameter.  The  valve  throat  diameter  corres¬ 
ponding  to  a  valve  flapper  opening  angle  of  $0  degrees  was  selected 
because  it  yielded  the  smallest  sire  valve.  This  selection  gave  a  throes, 
diameter  of  1. 5-inches. 

(U)  With  the  valve  throat  diameter  selected,  a  plot  of  required  butterfly 
angular  opening  vereus  percent  thrust  for  various  mixture  ratios  is  pro¬ 
vided  in  figure  45a.  These  curves  were  established  by  taking  the  flow 
rata  snd  pressure  drop  across  the  valve  from  rig  data  ss  a  function  of 
thrust  sad  mixture  ratio  and  solving  for  the  required  head  lose  factof  "it"5. 
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Figure  449.  Thrust  Control  Rotating  Plate 
Valve  Candidate 
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Figure  450.  Thrust  Control  Butterfly 
Valve  Candidate 
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Figure  452.  Butterfly  Angular  Opening  vs  FD  18264 

Percent  thrust  (Thrust  Control  * 

Valve) 

(U)  For  s  fixed  pressure  drop  and  throat  diameter  of  3.5  'nches,  tbs 
file v  rate  through  Che  valve  would  vary  ate  a  unique  function  of  flapper 
opening.  If  an  orifice  wee  considered  instead  of  c  butterfly  valve,  the 
effective  area  of  the  orifice  would  regulate  the  flow  versus  pressure 
drop  characteristics.  Because  the  butterfly  is  a  variable  effective 
area,  it  can  be  related  to  the  sras  of  an  equivalent  orifice  by  con¬ 
sidering  the  variable  flow/ pres sure  drop  characteristics  as  a  function 
of  flapper  opening.  Figure  453  illustrates  butterfly  valve  effective 
area  versus  angular  opening, 

(C)  It  was  desirably  to  know  the  affective  area  sensitivity  with  respect 
to  positional  error  for  all  she  valve  candidates.  A  plot  of  percent  area 
error  par  angular  positional  error  can  be  prepared  froa  figure  453. 

This  was  accomplished  by  taking  the  slope  of  the  effective  area  vereus 
angular  position  curve  at  a  point  end  dividing  by  the  effective  area  at 
bat  point.  Figure  454  is  the  result  of  plotting  many  such  points. 
Operating  the  valve  within  the  1%  to  100%  thrust  liedts  shewn  in 
figure  4S4  allows  &  reasonable  constant  error  ot  5  to  7%  par  degree  of 
flapper  position. 

5  Secondary  Injection  Thrust  Vector  Control  Study  (U){  Volume  X,  "Date 
and  Appendix,"  logkhecd  Kissilaa  and  Space  Company,  Huntsville 
Research  and  Engineering  Center,  February  28,  1964  (Confidential). 


(U)  Tft  si  as  acEuiia?  sfiauiraisaaia.  It  w§§  n aceagagy  ta  dateroina  tha 
dynesic  Sorqu®  chareefcarisfcice  of  tha  butterfly  flapper.  The  dynamic 

j^a  a  h#  £ ^gRAay  Aftgia ^  ^  &ftn  wgaaguya 

imp,  Flspnar  sagl*  $s4  pressure  its?  are  fu»g£i©ss  of  Shruf?  levs!  mi 
©iasufs  ratio ,  sad  r&y  ba* datamiued  from  Uigurs  432.  Therefore  ths 
if&mis  torque  for  eh®  1.  5-inch  throat  diameter  valvfe  is  ahes/a  in 
Uigurs  451  as  a  function  of  thrust  levs!  and  aistu r*  raUtf. 

(U)  Tha  horsepower  required  so  turn  the  butterfly  shaft  Spends  on  tha 
shaft  torque  and  the  angular  vsiacity  of  the  shaft.  From  tha  transient 
simulation  of  the  demonstrator  angina,  a  required  rate  of  change  of 
valve  area  (valve  area  rate  of  change  to  heap  up  with  the  engine  rets  of 
change  of  flow  mi  pressure  drop)  is  determined.  The  required  rate  of 
change  ssy  be  expressed  as  da/dfc  and,  at  a  particular  engine  operating 
point,  there  Is  a  relationship  between  valve  affective  area  and  angular 
opening  that  say  be  expressed  &$  4s/d$, 


(U)  Dividing  the  eras  rate  of  change  by  the  area-angle  relationship  pro- 
video  the  required  valve  angular  shaft  velocity, 


«*> 


where  (4  la  the  ehsft  rotational  velocity  or  frequency.  The  combination 
of  rig  transient  shale  frequency  and  aaxiaum  torque  required  yields  a 
power  requirement  of  0.308  horsepower.  Figure  456  is  a  plot  of  required 
horsepower  versus  shaft  rogation?.!  frequency  at  tha  sexism  shaft  torque 
operating  point. 

(U)  Anticipated  problems  in  ths  development  of  the  butterfly  valve  arai 
the  necessity  for  dynamic  seels,  which  in  the  high-prsasure,  lew- 
temperature  onvironsant  will  b@  subject  to  wear  and  leakage;  and  corner 
loading  of  the  shaft  bearings  caused  by  shaft  deflection.  Also  possible, 
but  unpredictable,  is  osidiser  cavitation  downstream  of  tha  flapper 
resulting  in  damage  to  the  valve. 

(6)  Summary  and  Conclusions 

(U)  The  design  selection  studies  indicated  that  a  butterfly  valve  would 
bast  accosaiodats  the  system  requires^.,  for  this  valve. 

(U)  A  butterfly  valve  with  a  rotary  actuator  was  selected  for  development 
on  the  basis  of  advantages  in  else,  weight,  and  simplicity  and  ths  cape** 
billty  to  provide  the  desired  schedules  with  reasonable  powar  require¬ 
ments.  Ho  major  procurement  problems  were  encountered  during  fabrication 
of  two  valve  coaeabliee.  These  units  were  not  assembled  or  tested  after 
it  was  decided  to  use  an  existing  facility  valve  for  this  function  curing 
tha  staged  combustion  rig  tests. 


c.  Design  of  Selected  Configuration 


(U)  The  doconstracor  engine  thrust  control  butterfly  valve  shown  is 
figure  was  designed  to  regulate  the  preburner  osidisar  flow  to  con¬ 
trol  the-  ^  controlling  turbine  power  to  the  ssin  turbopsaaps.  Ths 
thrust  control  valve  and  mounting  block  are  located  on  the  prsburuer 


dobs. 


46$ 


(This  ps$e  !s  Undaunted) 


Figure  457.  Thrust  Control  Valve  FD  18910 

(U)  The  butterfly  valve  straight  through  ahaft  configuration  was  made 
possible  by  incorporating  the  oxidizer  shutoff  s?«l  into  the  flow  divider 
valve.  The  valve  construction  with  the  removable  flapper  has  the  advan¬ 
tage  of  simplicity,  a  high  turndown  ratio,  and  can  provide  the  desired 
performance  with  reasonable  actuation  power. 

(U)  The  thrust  control  valve  housing  was  fabricated  from  AMS  5646  (stain¬ 
less  oteel)  and  the  streamlined  flapper  and  shaft,  which  are  shown  in 
figure  458,  were  fabricated  from  Inconel  718 >  Those  materials  have  tha 
strength  requirement  necessary  for  these  highly  loaded  parts.  The  flapper 
was  riveted  to  the  shaft  to  permit  uninterrupted  flow  past  the  flapper 
in  the  open  position,  which  results  in  a  minimum  base  pressure  loti. 

(U)  Because  the  shaft  was  pressure  balanced  with  low  pressures  on  the 
ends,  thrust  loads  on  the  valve  shaft  are  small.  Positioned  on  each  side 
of  the  flapper  was  a  thrust  bearing  made  of  Berylco  25  (AMS  4650)  that 
acts  as  a  snub  bearing  to  prevent  the  flapper  from  contacting  the  valve 
housing  and  alsc  to  absorb  possible  shaft  loads  caused  by  the  servo- 
actuator  installation.  Radial  ahaft  loads  caused  by  the  pressure  dif¬ 
ference  across  the  valve  flapper  and  misalignment  of  the  valve  servo- 
actuator  are  transmitted  through  needle  roller  bearings  to  the  housing. 

The  torque  required  to  turn  the  shaft  on  the  roller  bearings  is 
0.21  ft-lb  and  is  small  compared  to  the  seal  breakaway  end  flow  torque. 

<U)  Commercially  available  Teflon  (AMS  2515)  dynamic  shaft  seals  are 
used  on  each  end  of  the  valve  shaft.  These  seals  are  held  by  floating 
ses.1  retainers  (figure  459)  that  allow  a  small  shaft  deflection  without 
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mltssMn$  Ihs  sa&ia.  The  lor  development  problem  associated  with  tft id 
valve  is  the  wear  and  isak&^e  saascietsd  with  thsss  dynamic  shaft  §©il3 
when  subjected  **  s  high  tireitauea  dif ftitcnfciel  end  a  icy  temperature 
savi rcnssnt = 


Figure  45$.  Thrust  Control  Valve  Floating 
Seal  Retainer 


m>  19001 


(U)  Sael  leakage  post  the  ?iigh~prs8sure  dyns&ic  seal  on  the  servonstu- 
stor  sid©  of  the  valve  is  vented  through  the  passage  between  the  static 
0-vlng  ssale  at  the  valve  interfaces.  This  leakage  is  than  combined  with 
leakage  past  ths  other  high-prestuss  dynamic  seal  and  vented  overboard. 

A  nitrogen  purge  provides  leakage  past  ths  low-pressure  labyrinth  sssl 
on  the  shaft  whore  the  servoectuator  ie  stounted  to  prevsnt  ics  *ro» 
accwwiatisg  around  tho  shaft  and  intsrferrlns  wish  ths  valvs  operation. 


Figure  461.  Thrust  Control  Valve  Effective  DF  52332 

Area  vs  Flapper  Angle 

E.  CHAMBER  COOLANT  VALVE  AND  SEAL  R1C 

1.  Hardware  Description 

(U)  The  initial  engine  cycle  concept  required  n  control  valve  to  regulate 
the  main  chamber  nrandpt ration  coolant  flow. 

(U)  The  original  location  of  the  valve  downstream  of  the  fuel  pump  dis¬ 
charge  variable-area  venturi  was  shown  by  cycle  studies  to  require  a 
valve  with  maximum  flow  area  at  low  pressure  and  flow.  Curves  of  the 
area»  and  pressure  drops  required  for  that  valve  concept  are  shewn  in 
figures  462  ar.d  463.  In  addition,  a  position  feedback  signal  from  the 
inducer  turbine  bypass  valve  was  required  to  prevent  unacceptable  varia¬ 
tions  in  the  transpiration  coolant  flow. 

(C)  An  Investigation  of  other  possible  supply  locations  showed  that  a 
more  reasonable  flow  area  schedule  could  be  provided  by  a  valve  that 
was  supplied  from  upstream  of  the  fuel  pump  discharge  vaviable-area 
vet.  uri.  Further  analysis  that  sufficient  pressure  was  available 

t.  all-t  Incorporation  of  a  venturi  valve  chat  would  be  choked  or  capi¬ 
tated  in  the  10%  to  100%  thrust  range.  With  the  valve  cavitated  or 
choked,  variations  in  fuel  ..nducet  turbine  bypass  area  and  other  downstream 
flow  disturbances  do  not  afiect  the  total  coolant  flow  rate,  A  dlstadyan 
cage  ol  the  fuel  pump  discharge  location  was  the  addition  ef  a  shut  oft 
requirement  to  prevent  propellant  loss  through  the  transpiration  coolant 
passages  when  the  engin*  is  not  operating.  A  curve  of  a  typical  operat¬ 
ing  point  for  thi  »  valve  is  shown  in  figure  4&4_  As  indicated,  a  con¬ 
siderable  change  in  downstream  pressure  can  be  tolerated  before  fic<<  rate 
is  affected.  Required  valve  operating  areas,  flows,  h..J  preitaffu  <Acr.p» 
are  shown  in  figure  465. 
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Figure  462.  Hcoeavit sting  Chamber  Coolant 
Valve  Effective  Area  vs  Thrust 
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Figure  463.  So^cavi eating  Chamber  Coolant  Valve  F3  16065 
(Flange-to-Flenge)  Pressure  Drop  vs 
Thrust 
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2.  Design  of  Selected  Configuration 

(C)  The  valve  design  (figure  466  Incorporates  a  pienua  chamber,  en 
acceleration  section,  a  throat  shutoff  seal  and  a  ditzuaer  or  pressure 
recovery  section.  The  inlet  to  the  pienua  is  at  90  degrees  to  the  throat 
for  ease  of  manufacturing  and  packaging.  The  pienua  chamber  ensured 
that  the  velocity  and  pressure  profiles  entering  the  throat  are  relatively 
unifora.  In  the  acceleration  section,  the  static  pressure  is  decrr  ,.sed 
until  sonic  velocity  is  attained  at  the  throat.  At  thia  condition,  down 
stream  disturbances,  such  as  variations  in  fuel  lov-spead  inducer  turbine 
bypass  area,  will  not  affect  the  coolant  flow.  Approximately  90%  of  the 
inlet  total  pressure  is  recovered  in  the  diffuser  section. 

(C)  The  venturi  flow  area  is  varied  by  moving  a  contoured  pintle  in  and 
out  of  the  venturi  throat.  The  valve  has  a  required  area  turndown  ratio 
of  approximately  3:1.  The  pintle  design  provides  a  low  force  unbalance 
to  minimize  actuator  load  requirements  and  simultaneously  ensures  than 
the  net  force  is  always  in  the  same  direction  to  prevent  actuator  lc?4d 
oscillations.  Shutoff  is  accomplished  by  a  seal  inutalled  on  the  pintle 
that  is  inserted  into  the  venturi  throat  as  shown  in  figure  467. 


(U)  Figure  4f'S  shows  a  cross-sectional  view  of  the  chamber  coolant  valve 
flow  passage.  The  inlet  and  outlet  diameters  are  approximately  1. 2-inches, 
The  acceleration  section  leading  to  the  venturi  threat  has  a  wall  half 
angle  of  20  degrees.  The  first  diffuser  section  is  the  tapered  section 
of  the  pintle  that  forms  a  cone  with  an  6.1-degree  half  angle.  The 
second  part  of  the  diffuser  is  a  7-degree  cone  leading  to  the  valve 
outlet.  The  pintle  contour  is  designed  for  constant  percentage  area 
error  in  the  valve  flow  control  range. 

(U)  Type  60ol  aluminum  was  selected  as  the  housing  material  because  of 
its  good  AMS  2468  harucoating  characteristic,  availability,  and  rela¬ 
tively  high  strcngth-to-velght  ratio.  Housing  surfaces  subjected  to 
rubbing  by  Che  pintle  and  shaft  are  hardcoated  to  minimise  wear. 

(U)  The  pintle  is  made  in  tvo  pieces  to  facilitate  the  installation  of  a 
shutoff  seal.  The  pintle  ie  made  of  AMS  5735  (stainless  steel),  which 
was  selected  for  its  high  strength,  high  elastic  modulus,  and  good 
machining  qualities.  The  pintle  shaft  is  chrome  coated  to  minimize 
wear.  The  tapered  portion  of  the  pintle  features  three  streamlined  fins 
120  degrees  apart,  which  act  as  stabilizers  to  prevent  pintle  flutter. 
These  fins  slide  on  the  cylindrical  wall  of  the  throat  with  a  0.002-lnch 
minimum  clearance.  The  pintle  stroke  required  for  maximum  area  turndown 
is  approximately  1.0-inch.  An  additional  0.5-inch  is  provided  for  shut¬ 
off,  making  the  total  valve  stroke  l. 5-lnches.  The  actuator  end  of  the 
pintle  features  a  presoure-assisted  Teflon  dynamic  seal  with  an  Internal 
spring.  (See  figure  469.) 

(U)  Flanges  have  double  static  eal-*  of  the  Teflon-coated  metal  0-ring 
type  with  an  Interseal  vent .  T  »e  housing  tie  bolts  are  made  of  beryllium 
capper  to  take  advantage  of  its  low  modulus  of  elastic  Gy  and  nigh 
coefficient  of  expansion  to  maintain  the  required  joint  preload  at  cryo¬ 
genic  operating  temperature. 
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Figure  466.  Chamber  Coolant  Valve 


FD  17414B 
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Shutoff 


Figure  467.  Shutoff  Seal 
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Figure  468.  Flow  Path  Dimensions  FB  17455 


Figure  46S,  Shaft  Seal  FD  17457 


(C)  The  stress  margins  of  the  charter  coolant  valve  parts  are  shown  in 
table  XLI.  The  stress  level  in  each  major  valve  part  is  given  at  the 
maximum  inlet  pressure  conUiton  (1Q0S  thrust,  mixture  ratio  <*  7).  The 
limiting  pressure  on  the  valve  is  88C0  psia.  Above  this  pressure  the 
tie  holt  preload  is  exceeded  and  the  joint-.’  would  tend  rc  separate.  The 
externally  applied  loads  (when  applied  Individually)  are  limited  to  those 
values  shown  in  Table  XLXI.  These  values  are  based  on  the  allowable 
yield  strength  of  the  material. 
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(C)  The  chamber  coolant  valve  was  designed  to  operate  in  a  critical  flow 
regime  throughout  the  entire  eng ij,-.  thrust  and  mixture  ratio  envelope. 

Th"  vaiv®  eayitatae  in  the  range  of  engine  thrust  from  10%  to  50%  snd  is 
choked  in  the  range  from  50%  to  100%  for  mtr.turo  ratios  of  5  to  6.  The 
actual  and  maxim"®  allowable  valve  downstream  pressures  are  shown  in 
figure  4 70 ;  defied  in  the  range  from  10%  to  30%  thrust  at  a  mixture  ratio 
of  5  and  from  30%  to  100%  at  a  mixture  ratio  of  6.  The  pressure  recovery 
assumed  for  chose  curvob  la  90%. 

(C)  Tlic  pintle  thrust  unbalance  reaches  a  maximum  of  approximately 
390  lb  at  100%  thrust.  The  static,  or  shaft  seal  breakaway  force,  and 
dynamic  forces  are  shown  as  a  function  of  thrust  in  figures  471  and  472. 

(C)  The  pintle  contour  is  a  constant  per.cort.age  error  design,  as  shown 
in  figure  473.  The  required  effective  flow  area  of  the  valve  is  shown 
in  figure  474  as  a  function  of  mixture  ratio  and  thrust.  Valve  inlet 
pressure,  inlet  temperature,  and  flow  rate  are  shown  as  a  function  of 
engine  thru,  c  for  mixture  ratios  of  5,  6,  and  7,  in  figures  475,  476, 
and  477. 


j.  rest  Program  and  Test  Results 

'U)  The  chamber  coolant  valve  seal  test  rigs  were  designed  to  test 
chamber  coolant  valve  shaft  seal  packages.  Each  rig  consisted  of  seven 
segments  that  housed  two  sets  of  three  shaft  seals  each,  and  a  0.37 1-inch 
diameter  translating  shaft  driven  by  a  pneumatic  actuator  (Soe  fig¬ 
ure  478.)  The  primary  seals*  were  at  the  center  segment,  and  fittings 
for  measuring  leakage  were  provided  downstream  of  each  seal.  Two  addi¬ 
tional  fittings  vent  leakage  that  passes  the  metallic  0-ring  seals  at 
the  segment  interface. 

(U)  The  seals  were  arbitrarily  named  primary,  secondary,  and  "vent". 

The  primary  seal  is  adjacent  to  the  center  segment  and  was  pressurized 
by  full  supply  pressure.  The  secondary  seal  was  pressurized  by  tha 
primary  seal  leakage  vent  restriction,  and  the  "vent"  seal  was  pressurized 
by  the  corresponding  secondary  seal  leakage.  While  low  primary  and 
secondary  seal  leakages  are  desirable,  minimum  "vent"  seal  leakage  wac 
required  for  safe  staged  combustion  rig  operation. 

(U)  Table  XLI.  Chamber  Coolant  Valve 


Parts  Stress 

Margins 

Valve  Part 

A 

B 

C 

Shaft 

22,  "00 

76,500 

124,000 

Inlet  and  Exit 

Flanges 

15.300 

29,700 

41,700 

Inlet  Duct  and 

Exit  Cone 

14,500 

29,700 

41,700 

Plenum  Chamber 

12,300 

29,700 

41,700 

A  -  Actual  stress  at  maximum  operating  pressure,  psi 
B  -  85%  yield  at  room  temperature,  psi 
C  -  85%  yield  at  operating  temperature,  psi _ _ 
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Figure  hi 0.  Operating  Hargr.n  FD  17 4*3  figure  471.  Pintle  Breakaway  Force  vs 

Percent  Thrust 
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figure  4?S.  Coolant  Valve  Seal  Test  Rig  FE  624/0 


(if)  Three  0„j7;j~inch  di  aaeter  t  tana  1st  in*  shaft  seal  test  figs  were 
assigned  ana  pr.eurcw  to  test  six  typer*  of  seals.  The  rigs  were  designed 
to  two  different  type  seals  simultaneously •  (1)  Antiblowout  orani- 

se&i  £&<&  Hylar  TfE  Teflon  Lip-Setl.  (2)  Standard  ossniseal  and  Bal  -Seal, 
(}}  Snrioeh  Titian  V-rlngs  and  Gaslock  Ch eve eon  packings.  Figure  479 
is  a  schematic  assembly  of  the  seal  teat  rig  illustrating  the  types  of 
seal!  tested. 

(iJ)  deal  ?ig  astesials  and  dinei  sionai  details  duplicate  chamber  coolant 
valve  parts.  Figures  48C,  431  and  478  show  seal  test  rig  parts  in 
exploded  defail  snd  asses® ly. 


(!)  Tvo  build,  test,  and  inspection  cycles  were  completed  on  these  rigs 
when  the  chamber  coolant  valve  was  dropped  from  the  program.  Further 
testing  of  ti *  translating  shaft  seal  test  rig  was  suspended,  and  the 
rig  parts  were  stored. 

i.C/  The  rigs  wesv  mounted  on  G-6  stand  for  environmental  erduraiwe  testing. 
See  figures  481  through  <*84.  Cycle  tests  were  performed  at  inlet  pressures 
up  to  l'UU  psig  GN;  and  1500  ps.g  GHW.  Seal  leakages  were  measured  at 
these  conditions.  Following  is  a  summary  of  the  two  tests  performed  on 
these  figs. 
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Figure  480.  Seal  Test  Rig  Parta 
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Figure  481.  Seal  Test  Rig  Parts 
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Flguce  482.  Chamber  Coolant  Valve  Seal  FD  23081 

Test  Rig  Schematic 


Figure  A83.  Translating  Shaft  Seal  Rig  FE  62783 

Mounted  in  G-6  Stand 
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Figure  4 84 .  Translating  Shaft  Seal  Rig  During  FE  02784 

Test 


a.  Chamber  Coolant  Valve  Seal  lest  Rig  F-J1A24  -  guild  No.  1 


(L)  T'hfs  build  of  Che  translating  shaft  seal  test  rig  was  to  in/estigate 
the  ieakage  and  endurance  of  Mylar-TFE  Teflon  lip  seals  and  anrlblowout 
I  Ft  1 ef Ion  Omni  seal s. 


1C.)  The  rig  was  mounted  in  G-0  Stand  and  during  the  test  I»ccumula,'ed  a 
total  of  oUA  cycles  composed  of: 


inl<-c  pressuo 

Condi c ions 

Cyc 1 es 

0 

Ambient 

> 

0 

Ambient 

.’A 

0 

ln2 

2 

SOU  psig 

LNj 
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101 

iuUU  psig 

LNj 

73 
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(U)  Tho  maximum  shaft  seal  leakages  daring  the  test  were  r»  foil ows; 


SEAL  DESCRIPTION 

Primary  Omnieoal 
Secondary  Omniseal 
Primary  Lip  Soul 
Secondary  Lip  Seal 


MAX,  GH6  LEAKAGE 

867  acce 
183  acce 
1,833  sees 
200  sees 


(U)  Secondary  seal  leakages  were  measured  with  100  paig  GHc  applied  to 
the  primary  seal  vents.  The  actuator  pressure  required  to  novo  the  shaft 
varied  from  3  to  11  paid  throughout  the  teat. 


(U)  After  test,  disassembly  of  the  rig  revealed  the  follow.' ng: 


1.  Ail  Up  seals  were  in  good  condition  -  no  splitting  wjs 
detected. 

2.  AH  antlblowouc  seals  showed  little  sign  of  wear  with  no 
splitting  on  the  ID.  The  vent  omniBeal  was  spilt  cirrum- 
ferentinUy .  This  was  attributed  to  faulty  assembly. 

3.  Moisture  was  found  in  the  lip  seal  augments. 


b.  'Chamber  Coolant  Valve  Seal  Test  Rig  F-33444  -  Build  No.  1 

(U)  This  build  of  the  translating  shaft  seal  test  rig  was  to  Investigate 
the  leakage  and  endurance  of  TFE  Teflon  Bal-Seals  and  TFE  Teflon  Omniseal s. 

(U )  The  test  rig  Incorporated  three  spring  loaded  Bal-Seal  cup  scale  on 
one  end,  and  three  almiUr  Omniseals  on  the  other  end  as  shown  in  figure 
481. 

(C)  The  teat  rig  was  mounted  in  the  G-6  stand  and  during  the  test  accu¬ 
mulated  a  total  of  A 97 7  cycles  composed  of: 


GN2  Inlet  Pressure 

Conditions 

Cycles 

1500  psig 

LN2 

500 

1650  psig 

ln2 

3001 

1700 

ln2 

1476 

4977 

maximum  shaft  seal  leakages 

during  the 

test  were 

Seal  Description 

Max.  CN. 

Leakage 

Primary  Bnl-Se.U 

1790 

sees 

Secondary  Bal-Seal 

755 

sees 

Primary  Omni seal 

1180 

sees 

Secondary 

614 
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(U)  Ths  ibcVi  “SCGP.diry  i.ss  1  leS'.agSo  wore  micnufSu  with  100  p«ig  Grip 
applied  to  the  primary  seal  vents,  The  actuator  pressure  required  to 
movs  ths  rig  shaft  vofleu  from  4.0  to  6.6  psig  throughout  the  run. 


(U)  Following  test,  disassembly  of  the  rig  revealed  tho  following; 


1.  All  shaft  seals  indicated  slight  ID  wear,  however  no 
splitting  was  detected. 

2.  No  moisture  was  found  in  the  rig. 


4.  Summary  and  Conclusions 

(U)  The  main  thrust  chamber  coolant  control  valve  was  required  to  regulate 
the  fuel  flow  for  transpiration  cooling.  The  valve-type  selection  study 
resulted  In  a  var inble-nrea  venturi  valve  being  selected  for  design,  pro¬ 
curement,  and  test.  The  valve  was  to  be  located  at  the  fuel  pump  dis¬ 
charge  and  to  be  choked  or  cavitated  throughout  the  engine  otierat  lno 
range.  A  commercial  translating  hydraulic  servonctuutor  was  adapted  ic 
the  vnlvi  and  two  valve  assemblies  were  placed  on  order. 

(L'j  A  translating  shaft  seal  test  rig  was  designed  and  parts  for  testing 
six  types  of  0.j7b~inch  diameter  shaft  seals  wete  procured.  The  shaft 
seal  rig  was  intended  to  evaluate  the  types  of  seals  applicable  to  the 
chamber  coolant  valve  shaft  seal  package  design.  Two  rig  builds  were 
completed  and  four  types  of  seals  were  teBted  as  summarized  in  table  XLII1. 

(U1  Chamber  coolant  valve  procurement  and  translating  shaft  seal  testing 
were  discontinued  when  the  program  scope  was  changed.  All  outstanding 
orders  wire  canceled  and  parts  on  hand  were  stored  for  possible  future 
use. 


(IJ)  The  limited  amount  of  data  accumulated  during  the  translating  shaft 
seul  testing  was  not  sufficient  to  draw  any  definite  conclusions  except 
that  the  shaft,  seal  design  approach  was  practical. 

F.  ELECTRICAL  IGNITION  SYSTEMS 

1.  Hardware  Description 

a.  General 

(U)  Ignition  .'or  the  preburner  chamber  and  the  main  chamber  was  provided 
by  a  hydrogen-cooled,  continuous-burning,  oxygen-hydrogen  torch  in  each 
chamber.  These  torch  igniters  provided  a  flame  to  ignite  the  propellant 
mixtures  in  the  respective  combustion  chambers.  The  ignition  system 
was  designed  to  operate  either  at  sea  level  or  in  a  vacuum,  and  was 
capable  of  multiple  relights.  The  flame  from  each  torch  was  spar*  ignited 
prior  to  propellant  flow  from  the  injector  to  prevent  excessive  propellant 
accumulation  inside  the  combustion  chamber. 
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(U)  Each  torch  igniter  had  provisions  for  two  separeve  spark  ignition 
syatemi  to  increase  the  reliability  or  tho  ignition  system,  Each  spark 
plug  wag  energized  by  a  hatmt-icaliy  sealed  excite?  that  converts  the 
28-vdc  input  to  a  minimum  of  20  high-voltage  (30  kv)  sparka  per  second 
output  at  a  nominal  stored  energy  level  of  0. 5-joule  par  spark.  An 
electrical  schematic  of  the  exciter  is  shown  in  figure  485. 

b.  Mechanical  Description 
(1)  Preburner  Igniter  Ausumbly 

(U)  Tho  preburner  Igniter  ossnmblv  shown  in  figure  486  was  bolt  id  to  the 
preburner  combustion  chamber  housing.  The  assembly  consists  of  two  apark 
ignition  systems,  mi  igniter  chamber  liner,  and  a  mounting  flange. 

Figure  48?  shows  a  preburner  ignition  system. 

(U)  The  Inconel  ’18  spark  plug  housings  were  brazed  to  the  igniter  assem¬ 
bly  Cla.  ,e  an  shown  in  figure  488,  The  torch  igniter  is  a  welded  assembly 
consisting  of  the  throat  section,  chamber  section,  and  head  secClo.,,  The 
spark  plug  housings  were  brazed  Into  the  head  section.  An  expansion 
Joint  sleeve  was  welded  to  the  chamber  liner  throat  section  to  provide 
structural  support.  A  labyrinth  seal,  shown  in  figure  488,  was  located 
in  the  expansion  slew.*  to  mtiimize  coolant  flow  leakage  between  the 
igniter  combueiion  chamber  and  tha  preburner  combustion  chamber  housing. 

(U)  The  oxidize*  was  injected  into  the  igniter  comlustion  chamber  through 
a  single  orifice  element.  The  feel  filled  the  cavity  between  the  chamber 
liner  and  ignitor  assembly  flange  and  was  introduced  into  the  chamber 
through  an  orifice  that  was  concent. .c  to  the  oxidizer  element.  A  portion 
of  the  fuel  f lov  was  used  as  coolant  for  the  ignitor  chamber  liner  bnd 
discharges  into  the  preburner  combustion  chamber  between  the  stability 
liner  and  the  cooling  liner  as  shown  in  figure  489. 

(1)  Three  seal  vents  were  provided;  one  for  the  O-ring  seal  between  the 
igniter  assembly  flange  and  the  pieburner  combustion  chamber  housing, 
and  one  each  foi  the  0-ring  seal  between  the  sparkplug  housing  and  each 
spark  plug. 

(U)  The  prsburner  igniter  spark  plug,  shown  in  figure  490,  consisted  of 
an  outer  housing  it  Inconel,  ceramic  insulator,  and  a  nickel  electrode. 

A  mechanical  joint  at  the  end  of  tbs  apark  plug  Joined  the  plug  to  the 
spark  exciter  high  tension  Icgo.  The  entire  Spark  ignition  assembly  is 
weld-and  solder-seeled  and  in>.  t-gas-pressurized  to  prevent  arcing. 


(2)  Main  burner  Igniter 

(D)  The  main  burner  Igniter,  shown  In  figure  491,  consists  of  a  combustion 
chamber,  two  spark  pltgs,  and  a  propellant  tuppiy  probe.  Figure  4v2 
shows  a  main  burner  electrical  ignition  system  secured  to  a  handling 
bracket . 
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Figure  405.  Ignition  System  Schematic 
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Figure  48b.  Prebtrner  Igniter  Assembly 
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Figure  492.  Main  Chamber  Igniter  Assembly 
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(U)  The  combustion  chamber  in  located  centrally  in  the  main  injector  and 
discharges  along  the  engine  thrust  axis  to  prevent  inpingement  on  the  main 
chamber  walls.  The  combustion  chamber  is  a  welded  and  brazed  assembly  of 
Inconel  625  and  Is  bolted  to  the  main  injector  as  shown  in  figure  493. 

The  igniter  combustion  chamber  housing  has  four  tangs  to  assure  proper 
alignment  of  the  combustion  chamber  with  the  main  injector  for  insertion 
of  the  spark  p log-end  propel taoir supply  probe. 


XI’/  The  two  spark  plugs  and  the  propellant  supply  probe  are  inserted  into 
the  Igniter  combus.lon  chamber  and  bolted  to  fcha  preburnsr  combustion 
chamber  housing- 

fU>  The  main  igniter  spark  plug,  shown  in  figure  494,  consists  of  a 
tiouovng  inconel  ,nu  stainless  steel,  ceramic  and  Teflon  Insulator,  ^ 
anirfelnicvel  and  popper  electrodwt  Ms-tslixed. ceramic  seals  are  located 
at  the  aft  end  of  the  spark  plug.  Spark  plug  cooling  Tfdw-lg-  rafc««- from 
the  preburner  eombusion  chamber  cooling  liner.  Teflon  coated  metal  0-rlng&, 
tilth  in"er:',es1  wnt  (  am  torst ,*d  between  ^he  spark  plug  flange  and  the 
pieburner  combustion  chamber  housing,  a  piston  ring  seal  is  provided 
_at  the  spark  plug  and  igniter  chamber  joint  to  prevent  excess  hydrogen 
"luohlant  flow  into  the  combustion  chambc'. 
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e.  Summary  and  Conclusions 

(U)  The  ground  rules  established  foe  the  250K  engine  ignition  systems 
permitted  the  use  of  developed  RL1Q  engine  high  tension  spark  exciters 
for  ignition  power.  Spark  plugs  and  igniter  chambers  were  new  designs 
for  this  progranu__The  oreburner  and  main  chamber  ignition  systems  were 
similar  in  that  both  incorporated  conf  rnuouiT'burnlhg  Torch  type  igniters 
with  separate  propellant  supplies  and  provisions  for  dual  electrical 
exciter  and  spark  plug  system. 

(U)  3ne  complete  set  of  electrical  ignition  systems  was  procured  for 
bo  .  the  preburner  and  main  burner,  along  with  four  spare  plugs  for  each 
ty.  No  development  or  life  testing  was  performed  on  the  electrical 
ign, tion  systems  other  than  the  acceptance  calibration  tests  and  check 
firing  tests  when  units  were  returned  from  the  rig.  The  electrical 
exciter  and  plug  systems  performed  satisfactorily  during  all  rig  and 
staged  combustion  testa  with  no  probleme.  Both  of  the  preburner  units 
were  used  (separately1/  for  full-stage  rig  firing  teats.  One  of  the  main 
burner  units  was  uset  for  all  of  the  main  chamber  firings. 

(U)  The  electrical  ignition  systems  utilized  in  this  phase  of  the  high 
pressure  engine  program  did  not  introduce  any  development  problems. 
Ignition  system  performance  was  satisfactory  throughout  all  firing  tests 
during  this  program. 
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SECTION  IX 

PKEBURNER  DEMONSTRATION 


A .  INTRODUCTION 


(U)  The  proburner  demonstration  program  was  directed  to  ard  the  selection, 
fabrication,  and  demonstration  tenting  of  a  prehyrner  injector  and  com¬ 
bustion  system  that  could  he  used  In  the  250K  engine.  The  development 
schedule  of  this  preburner  piogram  required  that  it  be  completed  prior 
to  incorporation  of  the  preburner  injector  and  combustion  chamber  into 
the  staged- combustion  sysTfflu  Tnr  the  Ilnni  performance  Evaluation.  In  __ 
addition  to  cliecking  the  prebu rue r  injector,  these  early  testa  developed 
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combustion  testing  and  checked  out  the  new  high  prissure  facility.  Approxi¬ 
mately  80  non  firing  tesLs  and  30  firing  tests  were  conducted  in  checking 
the  new  high  pressure  facility.  These  tests  established  n  start  sequence 
and  facility  control  system  that  j  rovidr-d  accurate  and  repeatable  control 
of  the  start  and  acceleration  transient!,.  The  performance  evaluation  of 
Vise  proburner  combustion  system  wa*.  conducted  m  «  series  of  36  tests 
prior  to  the  staged- combustion  testing.  Figure  A 05  exhibit!!  the  mile¬ 
stones  c-f  the  prebu  roe  r  program. 


(C)  The  proburner  inj  etor  uses  pu.tip-ivd  propel  lanes  that  are  metered  at 
an  approximate  mixture  ratio  of  0.9  and  burned  in  the  preburner  combustion 
chamber.  The  hot  guses  from  the  pjobuttier  combustion  chamber  «10  divided 
and  flowed  tiirough  the  oxidizer  and  fuel  pump  turbines  prior  to  being 
discharged  into  the  main  combustion  chamber  through”  cite  main  inje<  tor, 

Th_s  propellant  flow  is  illustrated  In  figure  69b.  Because  lift*  j. re- 
burner  gases  are  used  to  drive  the  iue!  and  oxidizer  turbines,  this 
combustion  system  must  be  officiant  while  providing  an  acceptable  Lem¬ 
per  a  tu  re  profile  to  permit  operating  the  turbine  at  the  maximum  allowable 
temperature.  The  selection  of  the  preburner  injector  was  based  on  the 
requirements  to  provide  stable  and  efficient  combustion  with  an  acceptable 
temperature  prof i  lo  over  the  ?,U7.  Lc  100%  operation  range.  The  proburner 
injector  configuration  chosen  wan  a  duai^orifire  oxidizer  and  variable- 
area  fuel  coii f tgu rnCLon as  shown  In  Ligurt*  697.  Tin-  combos  ion  chambci 
selected  tor  use  In  thilr  tost  program  duplicated  the  conf igaiation  pro¬ 
posed  for  the  23UK  engine.  The  test  rig  included  engine— type  cooling 
and  stability  liners  wit’-  added  provisions  for  pulling  cite  combu„*ion 
system  and  measuring  Liu  cempera ture  profile,  which  arc-  shown  in  fig¬ 
ure  -V.-8. 


(C)  The  entire  preburner  test  pogrom  wan  dev  ted  to  the  development 
ol  a  sat  is  factory  start  and  ignition  sequence  and  the  investigation 
of  tne  temperature  profile  at  2071,  50%,  and  <007.  flow  cettu vt Lons .  In 
addition,  the  combustion  system  was  pulsed  at  the  2U7,  and_1007,  levels 
to  demonstrate  the  dynamic  stability  of  the  rest  mr. 
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& tii ged- toHyurt ion  testing,  Patikt  development  ta  neeesnary  to  provide 
a  EwAp* -atuYC  profile  r-f  150eR  or  less  at  an  average  temperature  of 
2i?5  R  pi  Ch  i*  Y*n»iSr?d  fev  tho  ii  omens  t  Tutor  eoe-Hie. 
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Figure  499.  Fuel  Element  Teropc  tn  -  u  re  TrofUr*  -  '  FI)  23431 
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Figure  Ay$,  Fur- 1  Element  Temperature  Profile  -  FD  2jA52 

Concluded 

(C)  The  mis  in*,  re;. 1  s  conducted  or.  the  pn  burner  demons t rated  the  dvnamic 
t.lafcJ  1-ity  ’>{  the  combust.! m  system  at  thu  extreme  ope ra tiny  conditions. 
'•ulisLng  -he  rig  st  the  20*/.  operating  level,  with  tuel  at  1 1 8*' R  supplied 
to  the  injector,  ---.used  an  jr  stanttfr.eous  t.W  overpresaufixatlon  that  was 
damped  to  w.thiu  u.  57.  nominal  operating  pressure  within  5  mil  1  Lseconda- 

(1.)  Using  the  totch  hguilei  witn  ‘siei.tr lual  excitation,  preburner  ignition 
was  demoifstraleo  t'j  he  smooth .  repeatable,  and  reliable,  The  cl  use-  couprod 
injgcto.  oxidizer  shutoff  fo.itura,  which  was  incorporated  in  the  11, ow  r 
divider  valve  to  minimize  the  injector  volume,  did  el  .*  mlnctu  the  starting 
temperature  spike  associated  with  the  transition  £tf  ..  gust-pus  to  liquid 
oxygen. 

(C)  "hi rty-T* lx  Mic'cnsiul  prcburnei  testa  were  conducted  a c  um..lating 
1082  seconds  ot  ’-utv  lime  As  shown  in  the  comparison  between  flgovss  ?< 
and  500,  the  final  injector  -ion  figuration  shows  no  det .*ri «rn t  Lon  :»7ter 
21  tests  anu  A2!  -seconds  of  hot  viring  ;uno  {run  No.  n  to  72).  Included 
in  those  tests  was  p  re  burner  operation  to  the  i  (»  l  vr  i  in  five  so,  irate 
tests.  The  component  showed  no  .effect  ei-  ~‘-p  t-n*  except  for  siight 
discolcrthtion  wo  the  center  clement  f-.e’  .  *.lo  a  late,  The  only  ciitical 
period  for  the  preburner  i n je  :lr-r  w'  tou.ui  so  he  uh  shutdown.  Wher  the 
Elfral-  oxi"Ji  zev  purge  syi  tempos  svnpluyrd,  no  further  to  Sect. ox  deterioiatU#n 
was  etc  tec  tod. 


(U)  The  pre-burner  combustion  chamh.it  deterioration  during  the-  10'»  tests 
was  rest  ri  •to.,  so  the  tempera  lure  vakes  and  the  uncooleu  u* ability  liner. 
The  stability  liner  showed  erosion  after  testing  with  the  Interim.  ii«  lie 
injector,  as  shown  in  figure  501.  The  temperature  piot'ile  distortion 
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With  this  injector  configuration  resulted  in  a  high  tSS"ii  wa  £***»«  a  fc  fcU* 
walls  iit..tli&  4geaa  hala»aan-AiaM0nt8 ,  as  shewn  in  figure  502 ,  Other- 

Ulae .  the  orTnitial  oonl inu  H  hil«*ii  UBVA  ii  a  Alt  A  fci.<k 

;  -  =—  - - - O  "•  "•*  *M*V«pi»WW*  kllM  {IFUQ^nt 

anu  cue  combustion  chamber  houalaga  show  no  s fleet?  of  tsatingt 


Figure  500.  Preburner  Injector  Configuration  PE  71079 

After  Testing 


Figure  501*  Stability  Linar  Showing  Erosion  PE  70913 

After  Testing  With  Intermediate 
Injector 


Vim  Inis  FnbBfutf  C*f»bvtlls» 
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Figure  502.  Temperature  Profile  for  Tefit  Ho.  51  R>  23042 

(U)  The  proburner  torch  igniters  Accumulated  more  than  250  firing  tents , 
Including  rig  tests,  prebumer  prerun  check  firings ,  and  preburner  tests, 
This  design  has  demonstrated  excellent  ignition  characteristics  because 
first  epark  ignition  wss  achieved  on  all  testa,  except  for  limit  survey 
rig  tests  and  preburner  tests,  when  the  0N2  purge  contaminated  the  igniter 
oxidiser  supply  because  of  a  faulty  facility  check  valve.  Ho  deterioration 
of  the  igniter  housing  or  electrical  components  was  detected, 

0,  HARDWARE  DESCRIPTION  J 

(U)  The  design  of  the  hardware  for  the  preburner  program  was  based  on 
the  requirement  So  provide  &  preburner  injector  and  combustion  system 
that  would  be  used  in  a  250K  high  pressure  dsmonbtrator  engine.  The 
early  portion  of  th*9  program  was  directed  towar#  the  selection  of  an 
injector  configuration  and  combustion  system,  The  selected  configuration 
was  then  designed,  fabricated,  and  tdstad, 

(C)  An  analytical  study  of  the  dual-orifice  oxidise?  injector  and  the 
variable-area  fuel  praburijer  injector  wax  conducted  to  establish  the 
operating  characteristics*:  during  ignition,  starting,  throttling,  and 
steady- state  operation,  (A  detailed  discussion  of  the  ignition  and 
start  analysis  phases  o';  this  study  1?  presented  in  Section  2V.)  The 
study  showed  that  a  close-coupled  oxi.dlM?  shutoff,  which  minimises  the 
injector  volume,  reduced  the  starting  tim  and  the  phase  change  that 
occurred  daring  the  filling  and  start  cycle.  This  close-coupled  shutoff 
feature  was  easily  incorporated  it;  thn  flow  divider  valve  for  the  dual¬ 
orifice  injector,  The  analytical  dsaig.i  study  of  the  prebumsr  starting 
requirements  indicated  that  the  velvet  of  the  oxidiser  primary  end  aocond- 
ary  flow  passages  must  be  reduced  to  a  minimum  to  reduce  (l)  the  fill  time, 
and  <2)  the  probability  of  turbine  ovsrhes Sing  at  start.  The  volume  pf 
the  primary  passage  was  held  to  3,8  inf  The  primary  Urn  tb6  7  eia^rits 
was  supplied  from  the  fiow  divider  valve  through  15  passages,  an  shown 


la  figure  503, 


The  predicted  pressure  lose  in  these  passages  was  SO  psl 
si  thr  100%  Si sa  jjr.dlties.  The  volume  o?  the  aessn^ry  flow  pessag® 
wns  “iiatainisd  at  3*, 4  la?  This  sseondgry  yolytna  yj§  sossyhit  larea? 
than  desired  sad  resulted  in  some  increases  in  the  fill  time,  but^dld 
not  cause  an  excessive  temperature  during  sta?*  The  at  sondcry  flew  to 

the  seven  laments  was  supplied  from  th«  f  *  idet  v  ,ive  through 

six  passages 5  as  shown  in  figure  504.  The  p»ca toted  pressure  loss  fvr 
these  passages  was  70  psi  at  100%  flow  condition,  Pressure  taps  ware 
incorporated  into  the  injector  design  to  permit  measuring  the  primary 
and  secondary  passage  pressure  separately  during  test,  The  dual-orifice 
injactor  provides  a  system  with  good  stability  margin  at  the  20%  throttle 
point  as  well  as  the  100%  operating  point,  in  addition  to  providing 
adequate  stability  margin  at  the  starting  Uv«is, 
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figure  303.  Primary  Manifold  Configuration 
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Figure  504,  Cross  Section  of  Secondary  Manifold  FD  18109 
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(Q)  A  study  of  the  effect  uf  primary-- to- secondary  How  ratio  m  dual- 
critics  injector  performance  wse  mads  to  optimise  the  primary- to- sseonderv 
am.  In  this  study,  these  primary- to- secondary  area  sputa  were  studied 
to  csaasfj  the  effect  on  injection  velocity  stability  and  the  ability  to 
providf  4  flat  temperature  profile,  the  tUraa  primary- tu-saecndfrry  flew 
splits  are  shown  in  figure  SOS.  xrf  raeulte  of  this  eudy  Indicated  that 
the  larger  primary  area  would  provide  higher  OHidiear  Injection  velocity 
st  low  thrust  levels,  which  was  desirable  tor  distribution  and  system 
stability  at  ail  thrust  levels.  For  each  of  the  primary- to- secondary 
area  splits,  a  primary  flow- to- total  flow  spile  wls  calculated,  as  shown 
in  figure  SOS.  Testing  conducted  under  Contract  AF  04(6il)-93J5  indi¬ 
cated  that  the  best  performance  waa  obtained  at  the  l^r  thrust  levels 
with  m  l#ras  jar?^n‘r«^*-  af  fchje_ i lew-lo-io c  tfe  d  through  iha  primary  ogtflce. 
from  £hrr  8rad^r.'tai^^orrflB^^«sw»^wt^v  «  priirtary  vx  \i>m?  -sw-So**'  - 
a  secondary  asda  of  0,8524  ini  was  selected  for  the  basic  design,  This 
primary- to- secondary  area  split  provided  an  injection  velocity  of  20  ft/sac 
at  the  10%  thrust  level,  9Q  ft/cec  at  the  .75%  thruet  levs!,  and  155  ft/aoc 
at  the  100%  thrust  level,  aa  shown  in  figure  307. 

(0)  Cons iderl^S:  the  system  stability  requirement? .  these  predicted  oper¬ 
ating  conditions  provided  a  satisfactory  stability  iasrgin  at  ignition 
and  over  the  5  to  1  operating  range. 

Dual  Qrifke 


figure  505,  Variation  in  Velocity  With  Thrust  FD  16031 
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(S)  !f«U-&£§fe  module  of  §  dusl* orifice  onidissr  resale  wtro  fabricated 
to  W'mti  n&t%z  flow  ten  evaluation  si  she  es^lssr  aiosiig&Uon  §nd 
eyf ran  resale  pe#fetmn§B  at  ?>c&,  30A,  sad  1901  fl©</  editions,  flow 
taeta  eenfw^d  the  .nidity  o?  the  dual**  orifice  mi£ii&%  aossii  son* 
figuration  fear&igh-  ‘ftrey>$h  pfitssry  and  ta;  sgmtfel  slot  sacandary) 
and  jettons f«« ted  fuse  shs  l3*dsgrs?  mewte*?  flow  convespsea  angle 
«««  b^9i  tot  this  dual  ©sfeig^r  pjgssta  ?lm  tm'&  «??«  alfo 

j-arfeervei -\  ^steiHsootti  c&nslstlug  of  sis?  dual* orifice  nog&fes  in 
Hn<?l  gimufSelng  th»  m&Aiauiss  cross  i@at;-sfl  e5  Sht  pfefeu£nt.r  injector 
mounted  in  sht  venial  plans,  fet  .#js!g| fes  of  g&i'ss  $hsso  was  to 
evaluate  Use  filling  character  list  la  a  and  hydros  Satie  head  sn  prstoneir 
mintur©  esc  to  and  l-orapessEajS.  profile. |3§ts  iswlsifesn  that  tho 
hydros  ts  us  head  War  ihriTisreftF  t?~ *wiu5S  i  18*0*11  5«aps?$i*j##  grafftt* 
iUnot ties  at  thsuat.  Isvels  U-rs  fe«h  I"  U  % t.m«  than  dsnsnstsat# 
that  an  increase  £a ' prefeurfier  lRjacfc(?y.\*fe§ia»rs  drop#  s§§  pgte  Is 
nwasnsi  thrust. would  diminish  eh®  hyd^vltssic  heed  effects,  fee  injector 
«eg»ad!iry  ps-aag«3  Ww tv  therefore  gdjs  «s*d  to  provvi®  a  pressure  dr#  of 
325  paid  at  iOO'4  ,  wc  aye  ah  gnglae^sfstuta  vatio  of  ?, 

-  ■*’■  3 

(C)  A  study  of  fee  fuel  aystssn  j^rffr  Jans©  .and  operating  chars charts  vies 
was  conducted*  An  ana -ye is  <i£  fees  j/feet-  of  the  iMl  vsioolty  on  the 
combustion  process  and,  Shs  rseaiSity  sffs.cc  &R_fempa?atura  profile  indi» 
ented  thus  ih§  fuel  injection  vefe„ity  eiguifieaofci*  affeeted  the  prs« 
bun.er  tsmpsreture  proill# ,  pat  twills  iy  e-£  the  Hi  ye  opojr&tlng  temperatures* 
fo  sid  in  the  analysis  of  s  regrssslori-syps  corrslastcm  vaa 

!asda  using  the  data  oh  gained  during  thn  %®f-.  and  5SE  high  grtsawce  prehuwer 
testa,  this  coeraiation  iadisai#  feat  fes  diffarenG?  bstwssn  the  fs&gi«u« 
prsburnsr  tsssp^raturo  and  fch§  average  prshurnsr  teaosfasure  ^*9  &  feast ion 
of  momensyiS  ?(*tie,  ce»bufi|i#  deducts ,  velcrity,  ehaifesr  gsomefeiy,  oai* 
digsr  atosiRation,  «nd  injescfea  density,  as  shown  ia  figure  In  thia 

ari^iysia,  &  5GR  prshumss  injector  contsining  §4  efemenis  v,  th  asfiglerg. 
a  SOK  prsfeutuer  injestor  containing  3§0  efe^n*;*  without  swirl®t£t  «nd  a 
IM.  ainjjlo-atefssnt  yariebi®*&rea  injector  sunfiguratio?,  mts  cortfUfed. 
this,  eotsolstion  ir,si«a^j?d  thut  a  v#riifeiaw«sss  SirrJ ^eortligursti#  would 
provide  fee  best  temr^rsturo  profile.  «t  feh  rciUsal  high  kmp%t&  ;ufe 
oparsti#  points,  Ta%  ability  s©  adjust  tus  ieas  in  tha  fuel  syijte s  at 
the  various  opssating  points  provided  »or«  injsotcr  pressure  4ro£.  wliieh 
ayovidsd  gsestlt  aiding  and  an  improved  pjofile.  ihs  feel  inj^ion 
velocity,  for  the  variable "ate*  configuration  ^aa  sppraxisately _XbCOsft/ssc 
at  fee  nosing l  eper^ting  aondltions.  The  roociantuffi  ratio1  fa?  th?  variably 
area  ennliguratien  wie  aptleisad  hy  rebalancing  tho  angina  fuel  system 
pregsura  lafeag  to  provide  '>i^ss?  injsct.fen  velocity  ut  a  afe^ur*  ?hti? 
of  ?t  as  shown  In  figure  SOS, 

($)  fhsj  eoabinatioR  of  the  dual* orifice  uaidiser  a#  variufetf* sree , fuai 
injae^or  denfiguration  was  sslessnd  for  sht  engine  lysgda,  fh»  aaiactian 
of  the  variab'.a- arss  ruol  Ittjastor  required  that  ths  aloa^nta  be  c festered 
to  provlda  a  gear  train  tWt  psmfes  varisbUity,  fh-s  afegls  iOK  efemant 
that  had  been  satisfactorily  test#  was  used  as  the  basis  concept,  The 
efemont  was  enlarged  and  clustered  into  a  sevan-slesant  srrangemant  for 
the  S^OK  .preburner  injector ,  as  shown  in  figures  510  and  511,  fee  Injector, 
hss  84  duai-oriflte  osidigsr  elements  arranged  in  7  clusters  of  12  sjemsnts 
each^  as  shown  in  figure  312,  Ihe  dual* orif its  cobcs#  requires  that  the 
oaidieer  flow  for  the  primary  and  sssonnatry  paasagag  be  ssnasatsd,  feis 
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jtepg^tlon  permit*  the  use  o?  oily  the  prissy  flew  start.  whore  th* 
ftMej  aftd  ptiicuiS  lOi-S  Is  *St?,  Slid  SS  thrust  la^vl  is  lnai»e§.Had  fchft 
55;  ondsry  fisw  M  increased;  This  £ls«  diEttlbu1  io?  is  accomplished 
wifch  "he  flow  divider  valve.  An  adapter  plate  is  provided  At  the  rear  of 
tlf  injssbf't  ho  secowffledate  flow  divider  valve  mounting,  as  shewn  In 

513,  Teflon-coated,  seif-anergl sing, 0-rlng  sonls  have  been  ugfcl 
bnisaon  the  primary  and  secondary  passages  and  botwsen  jhn  ©cunt  ring 
adapter  p.ste,  The  primary  flow  enters  tho  injector  through  13  individual 
porta. in  ihe  adapter  plate  and  is  distributed  to  the  frpnu  cf  poohr'd;  ' 
the  J$ven  assemblies.  The  ueeendsry  flew  enters  ths  injector  through 
fll&  fauasiee  in  Uta  adapter  plate  and  is  distributed  to  cho  secondary 
planum  of;  she  preburoer  injector  housing  £  as  shown  it  51A.  :?saar.  -. 

sure  moesv turner, t  tups  havn  been .included  to  permit  measuring  the  prfta&ry- 
and  igeoniary  passage  pressure  during  tait, 

(Si)  .^ta^Sp-joctor  housing,  which  inedroor tten  se^e*  dual- orifice  oxidise? 
aasemfcliTf  ;f^aa  fabricated  irom  Incor.ai  ?18.  This  high'  strength  materiel 
was  selst«ed  to  reduce  the  amount  of  deflection  »p  the  piste,  which  could 
cause  a  binding  in  the  variably  fuel  system.  trve  pwvsn  daai-ori£ig*v 
j.ca$si,l|-s.i-war&  fabricated  separately  ant  welded  into  this  housing  to 
simplify  the  manufacturing.  Each  cf  the.iaven  assemblies:  was  fitted  into* 
the. housing  wish  a  llnc-fco-ll.v  fit  and  welded  at' the  b&ekfaue  %o  urnvidt- 
g  positive  sea-  to  prevent  tho  jainlrtg  >sf  fuel  ant  oxidise*  within  Shu 
injector,  bousing  as  shown  in  ft&ura  Si3.  Tr.is  method  of  Manufacturing 
afttmiSs  iSpUcwnent  of  individual  elenarti. .  rathjf"  than’  icpicuin^V  coi** .  - 
plet©  injector  in  the  event  of  damage  or  dV^ign  ^vaugeu,  J!j* 6  tswifrtirjde 
reduced  injector  construction  costa  and  provided:  ^teamab,  flexibility  io? 
testing. 
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Kgura  315.  Cross  Section  of  Welded  Prebumer  J?B  1811$ 

Injector  i4ain  Housing 

(O  Tho  7  dual-orifice  onldlsor  assemblies  that  vote  fitted  into  tha 
mein  housing  wore  designed  with  12  dual-orifice  elements,  the  primary 
tube  of  the  element  had  a  0.040- inch  inside  diameter  and  an  L/D  of  101. 

Hie  wall  thickness  of  the  primary  tube  was  0.026  inch,  three  collar 
post  supports  ware  provided  for  locating  the  primary  tube,  as  shown  in 
figure  513,  and  to  provide  accurate  positioning  of  the  primary  tube  in 
the  secondary  passage.  live  Inlet  collar,  which  was  braced  to  tho  primary 
tube,  was  pressed  into  tha  dual-element  assembly  and  tack  voided  at  tho 
face  to  prevent  tho  element  from  shifting  location  during  operation. 

Tho  primary  tube  was  fabricated  from  stainless  steel  tubing  (AHS  5580), 
which  has  a  coefficient  of  expansion  similar  to  that  of  Inconel  718  and 
good  brazing  characteristics.  Th*  secondary  passage  had  two  tansantiel- 
ontry  slots  that  were  0.035  by  0,283  inch.  The  oxidizer  for  the  outar 
tangential  slot  was  supplied  from  the  main  secondary  flew  path.  The 
oxidizer  for  the  inner  tangential  slot  was  supplied  through  transfer  slots 
in  the  housing  that  permitted  the  oxidizer  to  flow  to  tho  inner  annulus 
of  the  dual-orifice  element,  &z  shown  in  figure  514.  This  Inner  annulus 
supplied  the  oxidizer  for  all  tho  inner  tangential  slots,  which  provided  a 
tangential  velocity  to  the  secondary  flow.  The  tangential  velocity  caused 
the  secondary  flow  to  dlschargs  into  s  fine*  e«*:ie  of  oxidizer  aa  ths  primary 
and  secondary  flews  were  exhausted  into  the  praburr.cr  combustion  chamber, 

The  inside  diameter  of  tha  secondary  passage  was  0.2375  inch.  Tho  axial 
location  of  tho  primary  tube  discharge  waa  positioned  in  the  converging 
section  of  the  secondary  flow  path  to  obtain  a  maximum  ejector  action 
between  the  primary  end  secondary  streams.  At  thn  low  flews,  the  high 
velocity  primary  stream  reduced  the  static  pressure  at  the  exit  of  the 
secondary  stream,  thereby  increasing  th®  flow  through  the  secondary  p&sz&ge, 
Tha  tip  of  tha  dual-orifice  oxidlser  assembly  was  constructed  from  15?  Hickel 
to  obtain  the  maximum  heat  conduction  end  thus  a«oid  local  overheating. 

This  ID  Hickel  tip  was  brazed  fct  She  Inconel  718  dual-orlflea  ssasably 
body  to  eeal  ths  oxidizer  from  ths  fuel  and  prevent  mixing  of  the  pre= 
peUsnt*  in  the  injector,  Tho  dual-orifice  elements  were  fabricafed  from 
Inconel  7\8  to  avoid  thermal  problems  with  the  housing. 


(H)  The  fuel  fioy  was  supplied  to  the  *nj*ctor  through  one  inlet  manifold 
in  tho  housing  ,*nd  was  routed  ground  tha  injector  through  a  1.420- inch 
dtsoatsr  manifold.  The  fuel  was  uniformly  distributed  from  this  manifold 
through  seventeen  l, 060- inch  diamatar  holes  into  the  fuel  compartment 
of  the  injector.  Instrumentation  bosses  wars  included  1st  the  fuel  mani- 
fold  to  measure  tha  fu*l  manifold  pressure,  A  mount  flange  was  provided 
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on  the  injector  housing,  as  shram  In  figure  313,  to  mount  the  esrvo- 
aetuator  for  the  variabis-aros  tusl  drive  system,  Bach  dual-orifice 
o lament  housing  incorporated  a  variable  inner  and  ^uter  fuel  orifice 
with  fuel  sleeves,  as  shown  in  figure  Sib-  These  fuel  annuli  wore 
adjustable  and  formed  two  concentric  cylinders  of  fuel  that  were  dis¬ 
persed  into  the  osidiser  to  obtain  thorough  raiKing  of  the  two  propellants. 
The  outer  sleeve  of  the  variable  fuel  assembly  contained  16  slots  that 
psrraifeyad  fuel  to  >,Ioy  to  the  inside  diameter  of  the  elsssnt  through  the 
12  slots  in  the  dual-orifice  housing  to  provide  uniform  distribution. 

The  total  area  of  the  fuel  annuli  was  varied  through  a  gear  drive  eyetem. 
The  outer  and  inner  sleeves  of  the  fuel  assembly  were  made  of  AMS  4650 
(Soryleo  25)  to  reduce  thread  and  sliding  pilot  surface  galling  and  to 
provide  a  path  ?,o  conduct  heat  away  from  the  sleeve  tips.  The  inner 
translating  sleeve  of  the  variable  assembly  was  attached  to  the  outer 
sleeve  by  tang*  that  extended  through  3  of  the  12  slots  in  the  dual- 
orifice  housing.  The  tangs  rode  on  an  annular  lend  en  the  outer  s leaves 
and  assured  uniform  asial  travel  for  the  inner  fuel  giuavee.  thn  front 
surface  of  the  Inner  fual  noagle  was  fabricated  from  er  ■>  material 
(Rigifflssh)  to  provide  transpiration  coolant  to  reduce  the  ^ssibility 
of  overheating  tha  surface.  The  transpiration  coolant  for  this  face 
was  metered  through  two  holes  in  the  inner  a  leave,  Tha  er@a  of  the 
translating  sleeve  was  pressure  balanced  to  minimise  the  bonding  load 
imposed  on  the  three  support  tangs  and  to  reduce  the  torque  required  to 
translate  the  element,  5?ual  leakage  betwssn  the  inside  diameter  of 
the  element  housing  and  the  outside  d isms tor  of  she  inner  sleeve  nut 
assembly  was  minimised  by  two,  stopped,  piston  ring  oasis  that  were 
pressure- iosded  (1,2  to  3.3  pounds)  in  the  closed  position,  as  shewn  in 
figure  316*  the  Hskface  of  the  inner  sleeve  was  rented  to  chamber 
pressure  by  e  hole  drilled  through  the  center  of  the  assembly.  The  vaaic 
served  to  reduce  the  pressure  drop  across  the  seals  and  also  provided 
a  path  to  vent  the  st&sll  leakage  that  flowed  past  sh©  piston  seals. 


1C)  The  gearing  systes  that  waa  ussd  for  varying  the  srs§  ©£  the  fual 
annuli  of  the  seven  elements  U  illustrated  In  figure  511.  The  gearing 
consisted  of  (l)  a  driving  pinion  with  a  pitch  diameter  of  2,0  inches; 

(2)  p  main  drive  ring  gear  with  a  driven  pitch  diameter  ef  9,8  inches 
and  a  driving  pitch  diameter  of  8.5  inches;  (3)  seven  element  gears 
with  a  pitch  diameter  of  2.5  inches;  and  (4)  ao  idler  gear  **ith  a  pitch 
diameter  of  0,89  inch,  Bach  of  the  element  gears  was  made  of  Inconel  718, 
had  90  gear  teeth  on  the  outer  diameter,  and  wau  apllned  with  89  teeth 
on  the  inner  diameter  to  the  outer  fuel  sleeve  inner  gear.  The  difference 
of  cne  tooth  between  the  gear  and  spline  permitted  the  individual  elements 
to  be  Indexed  to  the  main  drive  ring  gear  or  the  idler  gear  to  minimise 
the  fuol  area  variation  between  elements.  The  main  drive  ring  gear  waa 
mads  of  Inconel  718  and  the  mating  pinion  gear  waa  made  of  Barylco  25. 

The  main  drive  ring  gear  was  mounted  on  a  10, 0-inch  diameter  ball  bearing 
and  was  loaded  by  three  needle  bearing  preload  units.  This  provision 
accurately  located  the  main  drive  gear  with  respect  to  the  element  gears 
and  driving  pinion.  Thu  preload  units  also  served  to  reduce  gear  backlash 
and  system  friction.  The  pinion  gear  was  apllned  to  an  Inconel  718  shaft, 
as  shown  in  figure  517.  The  shaft  was  radially  supported  by  a  Seurium  S- 10 
aloevo  bearing  at  ons  end  and  a  aeries  o£  four  Teflon  coated  "Bal-saale" 
and  Bcrylco  25  retainers  at  the  other  end.  The  Bal-se&l  retainers  were 
finish  machined  during  assembly  to  closely  control  the  concentricity  between 
the  retainer  and  housing.  In  the  machining  operation,  the  press- fitted 
retainers  without  seals  were  line  reuraed.  The  retainers  were  than  removed, 
the  seals  installed,  and  the  retainers  replaced  in  the  fuel  housing  in  the 
same  radial  position  as  before  machining.  The  axial  load  on  the  input 
shaft  assembly,  which  waa  caused  by  the  funl  manifold  pressure,  was  absorbed 
through  a  roller  thrust  bearing,  which  was  inserted  between  the  pinion 
ge^r  and  the  main  fuel  housing,  as  shown  in  figure  517,  At  the  input  end 
of  the  shaft,  the  coupling  connecting  the  shaft  to  the  hydraulic  aervo- 
actuator  was  apllned  on  both  ends  to  facilitate  assembly,  A  four-bolt, 
piloted  flange  waa  incorporated  in  the  main  fuel  housing  assembly  to 
support  the  hydraulic  actuator  mount. 

(C)  The  torque  required  to  turn  the  drive  shaft  was  approximately  250  in.- lb, 
with  a  response  time  of  0.5  second  from  the  open  position  to  tha  closed 
position.  To  rotate  the,  fuel  element  one  revolution  (the  equivalent  of 
0,Grs25-ineh  axial  travel),  it  was  necessary  to  rotate  the  fuel  control 
shaft  W.4  revolutions.  The  fuel  elements  were  adjustable  over  tb- 
required  operating  range  from  20%  to  100%  thrust.  The  corresponding  change 
in  fuel  injector  pressure  drop  was  from  20  to  640  psi.  The  main  drive  ring 
gear  incorporated  two  fined  position  mechanical  stops  that  were  located 
outside  the  range  of  the  20%  and  100%  thrust  operating  areas.  These  awpe 
prevented  a  servoactuator  malfunction  from  running  the  translating  sleeves 
into  the  element  housing  or  sunning  the  outer  sleeves  into  the  faceplate 
la  the  apposite  direction.  The  mechanical  stop  on  the  main  drive  ring 
gear  was  precisely  located  with  the  translating  sleeves  of  the  outer 
elements  at  the  minimum  area  stop,  and  the  orientation  of  the  indexing 
element  gear  was  adjusted  until  the  distance  between  the  outer  orifice 
metaring  surfaces  was  0.011  to  0.014  inch.  The  center  element  was 
positioned  in  the  same  manner  with  respect  to  the  idler  gear.  This 
positioning  assured  that  the  stop  was  contacted  before  the  element  *re& 
was  completely  closed. 
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Figure  517.  Vatisble-Aroa  Drlvo  and  Seel  Package  FD  19731 

(C)  The  faceplate  assembly,  shown  In  £igure  518  consisted  of  (1)  a 
conical  load  carrying  member  to  take  the  fuel  injector  pressure  drop 
of  700  psi  with  a  minimum  deflection,  and  (2)  a  porous  Rlgiraoeh  face* 
plate  to  prevent  overheating  of  the  injector  face,  The  faceplate  was 
a  conical  design  that  incorporated  rib- type  supports  for  maximum  stiffness. 
This  stiffness  was  provided  to  prevent  bending  of  the  plate  and  sub' 
sequent  binding  cf  the  translating  fuel  noggles,  Metering  holes  in  the 
fuel  plate  regulated  the  fuel  flow  that  was  distributed  through  the 
porous  faceplate,  The  fuel  flow  that  passed  through  the  porous  pista 
.created  a  heat  transfer  barrier  that  prevented  recirculating  combustion 
products  f?o-s  burning  the  face.  The  Injector  face  coaling  flow  require- 
meets  wsq  established  to  provide  a  maximum  faceplate  temperature  of 
830*8  at  10X  thrust  and  a  mixture  ratio  of  7,  She  injector  faceplate 
incorporated  floating  seals  at  the  outside  diameter  of  each  of  fch«  coven 
elements  to  minimise  fuel  leakage  around  the  outside  disaster  of  the  trans¬ 
lating  outer  sleeves.  Added  coolant  slots  and  distribution  annuli  were 
incorporated  in  each  of  the  floating  seal  supports  ec  direct  supplemental 
cooling  flow  to  the  outside  diameter  of  the  outer  ale.-va,  in  addition, 

38  holes  on  the  outside  diameter  of  the  faceplate  provided  the  hydrogen 
cooling  flow  tfcat  was  used  in  the  upper  combustion  chamber  cooling  liner. 
The  faceplate  assembly  is  shown  in  figure  519. 
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(C)  The  dasl$a  of  the  praburner  combustion  chamber  aaction  was  predicated 
on  the  requirements  for  tho  250K  engine  cycle*  The  combustion  chamber 
length  of  U,2  inches  and  the  chamber  diameter  of  9,7  inches  veto  based 
on  the  combustion  chamber  length  and  diaKsrsr  that  would  be  provided  in 
an  engine- type  combustion  ayBtera,  as  shown  in  figure  520,  Therefore, 
this  combustion  rig  would  provide  data  representative  of  the  engine- type 
combustion  system.  To  mnictain  the  wall  temperatures  at  800#R  and  to 
obtain  the  maximum  strength  of  the  housing  material,  a  0,034-inch  thick 
Ksstslloy  X  cooling  liner,  as  shown  in  figure  521,  was  provided  that 
used  approximately  2%  of  the  injector  hydrogen  flow  as  coolant,  Tight 
nleevss  were  incorporated  around  the  probes  that  extended  into  the 
gas  stream  to  reduce  the  leakage  of  the  hydrogen  coolant.  The  coolant 
was  metered  through  the  32  holes  in  the  injector  faceplate,  passed  between 
the  housing  and  the  cooling  liner,  and  discharged  into  the  combustion  gas 
stream  at  the  11. 2- inch  station,  aa  shown  in  figure  521.  In  addition  to 
the  cooling  liner,  acoustic  liners  fabricated  from  0.050-inch  thick 
Hastelloy  X  were  designed  for  this  combustion  system.  These  liners  were 
designed  with  2%  end  5%  open  area  to  provide  damping  if  instability 
were  encountered,  h  solid  wall  lister  was«pr@v4ded  for  use  in  the  stability 
trying,  lira  preburnsr  stability  liners  are  shown  in  figure  522. 
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Figure  520,  Frebumsr  Combustion  Cherabar  ID  L9650 

Instrumentation 


518 


Figure  521.  Preburner  Chamber  Cooling  Liner  FE  65612 

Combustion  Section 
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Figur®  322.  Prefeutast  Chamber  Acoustic  him?  IE  §5619 


(0)  She  proburner  combustion  chamber  had  included  proviftloas  for  incer-  ; 

porating  four  tangential  pulss  guns  to  permit  pulsing  sfri  sHsmbsr  v^ish  j 

pulaa  charges  of  20- ,  30*  ,_*>'»-*  ansi  S0«gf@iK  charges,  &e  shown  ip  fig-  j 

tires  523,  524,  ami  525.-  tfom  pulsing  ports  mm  designed  to  iuitiata  ! 

the  pulsing  charge  si  a  location  that  wss  80%  sf  §h§  radius ,  This  was  \ 

th®  plane  where  the  raagiaua  energy  waa  released  and  the  system  was  eh®  I 

most  sensitive  go  a  pulsing  charge,  Two  ports  were  sddad  in  th®  plana  I 

of  the  pul sa  guns  to  adapt  Kistie?  tsrsnedussrs  for  the  com- 

bution  frequency,-  Xa  additJro,  a  third  Klstlsr  pdfes  pom  was  added 
at  the  il .2- inch  station  to  permit  measuring  damping  chatasteri^eiea 
oi  the-  cdmBuscion  8y5E«3r.-  ^i:S;  gistisr  4*  lino  _  . 

with  one  o£  the  upstream  ? arte-,  m  shown-  in  figure  %m  prabetnes 

combustion  chamber,  four.  tm^srsture  fiks  ports  ware  provided  at  tm  |- 
pianer,  One  plane  wag  Ibsitsd  ?,£  Mchfes  dewsttssam  from  the  injector 
face-,  and  a  second  piatia  wa«vlpeat®d  at  the  11,^ inch  station.  2fc©  xsker 
were  positioned:  across  the  element*,  and  tbs  other  two  between  eisasnts, 
as  sho^n  ir  figure  $2$. 

(p)  Tha  prebqjenor  dome shown  lr.  £ Igurn  $2*  f  wee  designed  as  &  pi qcm 
chamber  for  the  ©Kidiser  end:  as  a  flow  divider  vsivs  Heuaihg,  which'  is 
shown  in  figure  $28,  Frior  to  rig  oprrstioa,  eha  ©xMistr, ms  circuit  &w« 
through  tha  demo  to  precondition  the  system  by  removing  She-  latent  heat. 

Bacause  the  dome  ms  to  b«  exposed  to  the  rsasimym  test  stand  psssautd, 
the  design  was  predicated  on  a  a»xl®u«  operating  pressure  of  7000  gsi. 

To  withstand  thess  pressures,  ah  Inconel  718  forging  was  selected  for  its 
high  strength  properties  and  to  obtain  added  strength  by  dhffhtslo©  of 
ths  pain-  flow  at  the  attachment  point  where  the  csinioaa  ©rose  sect ion 
was  required,  k  facility  thrust  s trusters  mu  mounted  on  ths  dess  Hangs, 
which  is  shown  in  figure  528,  This  was  s  facility  struaiurs  shat  was 
designed  for  the  test  program  enly,  She  belts  that  war®  used  to  attach 
the  dotes®,  injeetor,  main  chamber /and  thrpt  structure  mm  fabricated 
from  tunaiiiaed  Inconel  ?i0£  These  belt  a  mm  cfcrdteh  «4  to  obtain  a 
uniform  preload  on  the  attachment  flanges  and  Oaring  seal®. 


Figure  §23.  ?uia&  Gun  and  Kistler  ?roba  ?D  18105 

Configuration 


figure  S24.  Salsa  Gun  and  Kissier  ?roh*  FE  69219 

Installation 


Flgura  52S,  Preburner  Combustion  Rig  FD  1525SA 

Configuration 


Figure  529.  Facility  Thrust  Structure  FD  19648A 

Attachment  lor  Preoumer 
Combustion  Rig 
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(C)  For  the  p re burner  rig  testing,  a  buck  pressure  place  Incorporated 
■**■*'"’  1.U.I  u esu  HOJC  tnac  wouia  provide  a  MOO-psl  back  pres- 
sure  at  ths  l apsratlrig  point,  This  back  pressure  piece  was  fabri¬ 
cated  Ir’m  a  Wuapaioy  forging  t:>  obtain  the  desired  strength  at  the 
operating  temperature  and  is  shown  in  figure  530,  A  series  o£  48  stretch- 
type  bolts  were  used  to  mount  the  back  pressure  plate  to  the  main  preburner 
housing.  These  same  bolts  were  used  to  attach  the  preburner  and  main 
Injector  for  the  staged- combust  ion  testing. 


U 

I* 


Figure  530.  Back  P  re.,  sure  Nuzzle  Plate 


FE  65602 
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CU)  The  prefcumet  torch  igniter,  shown  In  figure  531,  was  a  b  •‘"•ogen- 
roo  led,  continuous-burning,  any  gsn-  hydro  gen,  electrically  ig  tjpe, 

this  ignition  system  wae  designed  to  operate  at  either  esa  lev*  n 
6  vacuum,  with  either  gaseous  or  liquid  propellants,  and  wee  capaa. 
of  multiple  relights,  The  flame  from  the  torch  wan  ignited  prior  to 
the  initiation  of  prebuwsr  propellant  flow  to  prevent  excessive  pro¬ 
pellant  accumulation  inside  the  combustion  chamber. 


Figure  531.  Preburner  Igniter  Assembly  FB  19390 

(U)  The  torch  igniter  was  a  welded  assembly  consisting  of  the  throat 
section,  chamber  eection,  and  head  section,  The  spark  plug  housings 
were  br&ssd  into  the  head  section.  An  expansion  joint  sleeve  was  welded 
to  the  chamber  liner  throat  section  to  provide  structural  support,  A 
labyrinth  aeai,  shown  in  figure  532,  was  located  in  the  expansion  sleeve 
to  minimise  the  coolant  flow  leakage  between  the  igniter  combustion 
chamber  and  the  prubumer  combustion  chamber  housing. 

(U)  Hie  oxidizer  was  injected  into  the  Igniter  combustion  chamber  through 
a  single  orifice  element.  The  fuel  filled  the  cavity  between  the  chamber 
liner  and  igniter  assembly  flange  and  was  introduced  into  she  chamber 
through  an  orifice  coru  nitric  with  the  oxidizer  nozzle.  A  portion  o  the 
fuel  flow  was  used  ob  coolant  i  r  the  igniter  chamber  liner  and  discharged 
into  the  preburner  combustion  chamber  between  the- stability  liner  and  the 
cooling  liner,  as  shown  in  figure  533. 

(U)  Tha  torch  igniter  had  two  separate  spark  ignition  systems  to  increase 
the  reliability  of  the  electrical  system,  Fach  spark  plug  was  energized 
by  a  hermatically  scaled  exciter  that  converted  the  23  vdc  input  to  a 
minimum  of  20  hign  voltage  (30  kv)  sparks  per  second  output  at  a  nominal 
stored  energy  level  of  0,5- joule  per  spark.  An  electrical  schematic 
of  the  exciter  is  shown  in  figure  534. 
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(U)  The  preburner  igniter  spark  plug,  shown  in  figu  s  535,  consisted  of 
an  outer  housing  of  Inconel,  a  ceramic  insulator,  and  a  nickel  electrode, 
A  mechanical  joint  at  the  end  of  the  spark  plug  joined  the  plug  to  the 
spark  ftKciter  high  tension  lead.  The  entire  spark  Ignition  assembly 
was  weld-  and  solder-sealed  and  inert- gas-pressurised  to  prevent  arcing. 


Figure  535.  Proburner  Igniter  Spark  Plug  FD  19691 

D.  TESTING 
1,  Facility  Checkout 

(l1)  The  objectives  of  the  Initial  phase  of  the  preburner  test  program 
were  (1)  the  operational  check  of  the  new  E-8  test  facility,  and  (2)  estab¬ 
lishment  of  operating  procedures  for  this  new  test  facility.  A  series  of 
53-nonfiring  flow  tests  were  conducted  to  evaluate  the  facility.  Thirty 
hot  firing  tests  were  conducted  to  establish  an  acceptable  ignition  and 
start  sequence  that  provided  propellant  flows  within  the  engine  cycle 
requirements ,  The  overall  objectives  of  the  tests  ware: 

1.  Valve  and  control  functional  checks 

2.  Proof  testing  of  the  high  pressure  systems 

3.  Run  tank  pressuri ration  tests 

4.  Purge  and  cooldown  tests 

5.  Calibration  teats 

6.  Valve  and  control  sequencing  tests 

7.  Establishment  of  computer  gain  settings 

8.  Establishment  of  operational  procedures  and  techniques 

9.  Definition  of  operational  limits  and  incorporation  of 
automatic  protective  devices 

10.  Control  of  propellant  flows  to  permit  test  rig  operation 
over  a  wide  range  of  pressure  levels. 
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(U)  The  initial  psrebu.nsr  test  rig  was  delivered  to  the  E-fi  test  facility 
on  25  January  1967.  Final  facility  fabrication  and  seunetionsi  checks 
were  completed  during  installation  of  the  test  item*  On  14  February  196?, 
flow  tests  of  the  facility  and  fast  rig  were  initiated.  The  initial  flow 
test  objectives  were  to  establish  cooldown  procedures.  Facility  checks 
were  conducted  to  establish  these  starting  flow  conditions .  At  the 
beginning  of  the  rig  teats,  the  liquid  propellant  ran  tanks  were  pres- 
Burized  to  a  relatively  low  level  to  maintain  s  more  accurate  control  of 
the  starting  flows.  The-  starting  flows  were  established  by  diverting  ths 
flow  overboard  through  orifices  in  the  hydrogen  and  liquid  ©xygar.  vent 
lines  to  set  the  desired  flow  rates.  After  the  starting  flow  orifices 
were  sized,  diversion  tests  ware  performed  to  evaluate  injector  fill  rate?. 
As  a  result  of  the  flow  diversion  tssta,  a  valve  and  contra,  sequencing 
was  established  that  provided  smooth,  stable,  and  controlled  preburner 
Lgnttlon. 

(U)  The  initial  preburner  hot  firing  tost  was  conducted  on  11  torch  1967, 
These  preliminary  costs  indicated  that  the  rig  ignition  character is  tics 
were  repeatable.  Additional  tests  were  conducted  to  establish  operating 
levels  and  timing  of  automatic  ignition  sensing  dsvicea.  These  automatic 
abort  systems  were  Incorporated  for  protection  against  late  ignition, 
interrupted  flows,  or  other  conditions  that  would  permit  accumulation  of 
unburned  propellants  and  endanger  the  facility  and  test  rig, 

(C)  Further  testing  was  continued  with  the  primary  objective  of  attaining 
a  control  system  that  would  regulate  propellent  flow  rates  and  permit  pre¬ 
burner  operation  up  to  100%  rated  flows.  After  ignition  and  stabilization, 
the  preburner  was  accelerated  to  approximately  7%,  At  this  level,  the 
propellant  flow  control  system  had  to  be  switched  from  position  control 
to  an  automatic  system  that  would  control  preburner  propellant  flow  rates 
regardless  of  the  run  tank  operating  pressure.  Once  the  automatic  pro¬ 
pellant  control  system  was  actuated,  the  run  tanks  could  be  pressurized 
to  rated  pressure  and  the  test  rig  could  then  be  operated  to  100%  flows. 
Initially,  the  automatic  control  system  sampled  preburner  combustion 
pressure  and  temperature.  However,  the  sensitivity  of  this  control 
system  to  varying  stand  characteristics  (propellant  temperatures,  pressures, 
control  interactions,  system  volumes,  response,  etc,)  caused  wide  fluc¬ 
tuation  in  preburner  combustion  temperature  during  the  attempted  accel¬ 
eration  transient  and  prevented  successful  preburner  acceleration  over 
504  of  rated  flows.  These  problems,  coupled  with  the  inherent  response 
lag  in  the  control  systems  (sense  time,  valve  action,  and  change  in 
combustion  process),  required  that  a  new  system  of  facility  control 
be  adopted. 

(C)  The  control  system  was  converted  to  a  system  that  used  the  flowmeter 
signal  to  position  the  facility  control  valves  according  to  a  predetermined 
flow  schedule,  thereby  controlling  the  mixture  ratio  and  combustion  tem¬ 
perature.  A  series  of  27  single  and  dual  cold  flows  wero  mads  to  check 
this  system  and  establish  timing  and  control  gains.  The  flow  control 
schedule  that  was  established  in  these  nonfiring  flow  tests  to  maintain 
a  mixture  ratio  of  approximately  0.5  during  the  acceleration  transient 
is  shown  in  figure  536.  Using  this  flow  schedule,  a  prediction  of  the 
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variation  from  the  saisturs  ratio  noted  during  she  ErssslenE,  ss 
shown  in  figure  S3fi,  wss  esusad  by  Eh®  overlap  a  no  Sim  sharactaristiss 
of  the  facility  valves. 


Figure  536.  25GK  Prebumer  Hixtura  Efttio  FS  22922 

Profile  -  Sun  46  (transient  frois 
7%  to  80%  Bated  Flows) 

(C)  After  the  27  nonfiring  flow  tests  were  completed  with  this  revised 
control  system,  preburner  testing  was  resumed  with  Sh©  primary  objective 
of  evaluating  the  flow  control  system.  Pseburnar  run  He,  38  was  the 
initial  hot  firing  using  the  revised  control  system.  Evaluation  of  the 
flow  control  system  was  considered  complete  on  run  Ho,  46*  when  success* 
ful  preburnar  rig  acceleration  to  80%  rated  flows  was  accomplished,  Flow 
control  was  used  on  all  preburnar  teste  after  run  Ho.  46  and  on  all 
staged- combustion  tents. 

(C)  Once  the  flow  control  system  wae  operations! ,  preburnar  testing  was 
continued,  The  only  facility  problem  that  continued  during  the  East 
program  was  nonrepea Cebility  of  the  starting  flows.  Bosh  prefcurnsr  mi 
initial  staged- combustion  testing  demonstrated  that  facility  could 
not  repeatedly  control  that  low  preburnar  ignition  flows  sod  the  subsequent 
transient  to  7%.  This  facility  problem  ms  ci scuravented  by  igniting  die 
preburnar  at  7%  flews,  Uith  the  incorporation  or  the  7%  preburner  starting 
flows  (staged  combustion  run  Ho.  16),  predictable  testing  was  sehisvsd, 

2.  Preburner  Torch  Igniter  Testing 

(U)  In  the  early  phase  of  the  prebumsc  progress,  component  torch  igniter 
Easts  were  conducted  to  develop  a  torch  ignite?  system  that  would  provide 
consistent,  reliable  ignition  for  the  preburner  test  rig.  The  m#  p?s- 
burncr  torch  igniter  units  were  received  sarly  in  the  progr&sn,  They  were 
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miniated  in  the  B--8  component  test  stand  and  underwent  24  test  firing 
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burner  test  rigs,  While  the  igniter  unit  was  designed  £sr  «.  iai  spark 
excitation,  as  nluvn  in  fijuro  537,  single  spark  cue  iter  units  were 
u«sd  in  nit  tests.  To  aid  in  t  he  acquis  Jon  of  test  data,  «r  instru¬ 
mentation  probe  was  ins  tailed  in  the  second  spark  plug  housing  to  provide 
combustion  gas  temperature  ar.d  pressure  measurement. 


Figure  53?,  rCeburner  igniter  Installation  FE  66823 

With  Dual  Electrical  Exciter  Units 


(U)  Hie  objectives  of  the  preburner  torch  igniter  rig  tests  warn  to 
establish  a  reliable  ignition  procedure,  to  evaluate  the  component 
durability,  to  establish  the  ignition  limits,  and  to  define  the  accept¬ 
able  operating  levels.  A  schematic  of  the  tost  rig  ana  test  facility  is 
present®#  in  figure  538,  The  test  Stasis  were  mounted  In  both  the  hori¬ 
zontal  and  vertical  attitudes  during  Ignition  casting.  On  all  but  three 
limit  aurvey  tests  (test  No.  11  to  13),  successful  first  ipark  ignition 
was  achieved.  In  ail  three  limit  survey  tests,  at  igniter  mixture  ratios 
less  than  1,  the  igniter  failed  te  light,  Test  No,  3  to  8  were  devoted 
to  exploring  the  ilame  temperature  and  establishing  the  optimum  immersion 
depth  tor  the  ignition-sensing  thermocouple.  This  device  was  calibrated 
to  permit  torct:  igniter  flame  sensing  and  analysis  before  opening  the 
preburner  propellant  valves  during  prebutn®i  testing.  Figure  539  describes 
the  various  thermocouple  immersion  depths  and  resulting  temperature  Indi¬ 
cations,  Typical  proburner  torch  igniter  test  data  are  presented  in  fig¬ 
ure  540, 


(This  pope  U  Urulotsified) 


OPIU^l  Igniter  Oxldisor  Inlet  Preeeure 
FPI&Sl  Igniter  Fuel  Inlet  Pressure 

?S.li?Tl  Igniter  Coatbuetlon  Temperature  (variable  length) 

PHX8U3  Igniter  Barrel  Temperature  -  Cool  Side 

PBSLT3  Simulated  Stability  liner  Temperature  •  Cold  Side 

fSSLTl  Simulated  Stability  Liner  Temperature  -  Hot  Side 

PBIFT1  Igniter  Fla**  Temperature  *  Upstream 

P8IFT2  Igniter  Flame  Temperature  -  Downstream 

PlCDTl  Igniter  Coolant  Diecherge  Temperature 


Figure  538.  250K  Preburner  Igniter  Test  Stand  FD  21892 

Schematic  <Rig  F-35100B) 
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Figure  539.  Variable  Length  Thermocouple 

Location  and  Temperature  Recorded 


FS  21893 


Fi^.re  540.  Test  Data  fr«a  Test  250IS4P® 


FD  19681 


\ 


1161 S5S  S£?0SS*S?s 


Igniter  Ccabtstkm 
Traptreuif#  (Probe 
iPBICTi)  2S0CTR 


J 


SO? 


Start 


Ambient 


Figure  540.  Test  Data  from  Test  250IS4PB 
Continued 
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Figure  5*0.  Test  Data  i  rum  Test  250lS«t’B  -  FD  19682 

Concluded 

■l)  As  a  result  o{  the  preburner  torch  igniter  tests,  an  ignition  procedure 
wus  established  for  use  on  the  preburnei  test  rigs,  it  was  determined 
that  the  following  sequence  of  events  would  provide  reliable  preburner 
ignit  ion : 


-  7  seconds 

-  3.5  seconds 

-  2.5  seconds 
-1st.  end 


Supply  gaseous  oxygen  to  tin 
igniter 

Supply  gaseous  hydrogen  to  the 
igniter  and  energize  the  spark 
exc iter 

Turn  OFF  exciter  voltage 

Sample  igniter  combustion  tem¬ 
perature  (abort  ..^burner  tust 
if  temperature  not  in  the  accept¬ 
able  operating  region) 

Freburner  Ignition,  oper.  preburner 
propellant  valves. 


0  seconds 
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(U)  Test  results  further  indicated  that  prolonged  and  continuous  torch 
operation  was  feasible.  Igniter  >.estg  showed  that  the  torch  impingement 
on  a  simulated  stability  liner  for  29  seconds  did  not  over-teeparsture  the 
part,  and  igniter  barrel  wall  tempera turec  never  exceeded  1500*R.  &  ring 

Phase  I  testing,  no  igniter  problems  (Ignition  characfceriatics  or  parte 
distress)  were  encountered,  A  tabulated  summary  of  jSOR  prefeurner  igniter 
tests  is  presented  in  table  XLIV. 

3.  Preburner  Testing 

&.  General 

(C)  During  testing  of  the  250K  pteburner,  a  total  of  104  hot  firings  tests 
accumulating  185&  seconds  u£  run  time  were  conducted  on  two  presume? 
t<e*«t  rigs;  ‘*(i  were  prefeurner  rig  performance  tests,  6  were  for  preburner- 
maln  burner  compatibility  evaluation  prior  to  staged -combustion  testing, 

32  were  staged- combo* tier,  tests,  and  20  were  facility  checkout  tests. 

Twelve  ol  the  preburner  performance  tests  attained  all  teft  objectives, 

36  tests  were  ;laas»f md  a.*  partially  successful,  20  tests  were  classi¬ 
fied  as  facility  checkout  runs,  and  8  tests  were  "boried  before  useful 
data  were  obtained.  Table  XLV  lists  the  preburne?  hot  firing  tsste 
and  provides  test  time  accumulated  on  the  two  preburner  test  rigs.  During 
this  preburner  program,  ignition  and  starting  characteristics,  temperature 
profile,  and  dynamic  stability  of  the  combustion  system  were  investigated. 
The  temperature  profile,  a»  well  as  the  overall  preburner  performance,  were 
evaluated,  based  on  touts  conducted  at  20%  and  1007,  flows  and  at  an  engine 
mixture  ratio  of  approximate ly  6.8?  The  preburner  fuel  supply  temperature 
during  the  stability  testing  was  set  to  approximately  I00“k. 

(U)  Two  preburner  test  rigs  were  used  during  this  program.  The  injector 
incorporated  on  each  test  ri«  was  Uc'-ticai  except  for  the  swirl  direction 
of  the  elements  of  the  preburnsr  injector.  One  injector  incorporated 
a  co-rotatiug  secondary  swirl  and  the  other  incorporated  a  counter- rotating 
swirl  configuration.  On  the  co- rotating  injector,  all  oxidise?  nozzles 
swirled  tne  secondary  flow  in  one  direction.  The-  counter-rotating  injector 
was  designed  with  adjacent  oxidizer  nozzles  swirling  the  secondary  flow 
in  opposite  directions,  figure  542  LPustrates  the  two  types  of  oxidissr 
nozzles.  These  preburner  injector  configurations  were  changed  as  the  tsst 
results  demonstrated  the  need  for  the  required  mud ifi -at ions, 

(U)  The  prsbumar  t*st  rigs  constated  of  five  primary  components :  dome, 
flow  divide?  valve,  injector,  combustion  chamber,  and  torch  igniter. 

For  cho  preburner  test  program,  a  back  pressure  simulator  nozzle  was 
installed  on  the  combustion  clamber  discharge  fiance  to  permit  preburner 
rig  testing  at  pressures*  simulating  either  the  s ttged* combustion,  rig  or 
the  engine  cycle.  Figure  543  shows  the  25QK.  preburtier  test  rig  assembled 
for  test  and  figure  544  shows  the  250R  pra burner  test  rig  installed  in 
the  hot  firing  test  facility. 


^Mixture  ratios  quoted  ate  engine  oixturo  ratios,  f at  conversion  to 
preburnar  fixture  ratios,  »«e  figure  541. 


537/33S 


jglggj 


WWHnil 

WWiW  5W6» T  TJ  ^39 

(C)  Table  XLIV. 

250K  Preburner  Igniter  ' 
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(C)  The  uurlv  port  lor,  of  the  test  program  W.:ie  directed  to  Lite  Investi¬ 
gation  Vi  the  LgnltU'u  ami  start  transient  requirements.  The  early  tests 
were  of  short" duration  to  ns sure  that  the  torch  Igniter,  which  had  bean 
checked  out  Ln  separete  component  tests,  could  cons Is icntLy  ignite  the 
preburiwr.  These  tests  m  shown  In  F i gu vq  545'  niter  the  test  vig 
1  gin  tl on  sequence  was  ostab!  U-hod ,  the  transition  troia  starting  flows 
to  tin?  n  operating  ft* vet  wus  fitvestlgnted.  aud  the  stiud  operating 
procedures  Wore  osFcaeTlshcd  c5=frormit  Operation--^  the  ?/,  level-atei ~ 
above.  Figure  but  duperi bos  a  typLca  1  acceleration  transient  from  l/. 
l.o  IV,  pieburudr  operation, 

(P)  liunng  |>»«  burner  tenting,  several  Injector  cleaivuts  wove  damaged 

because  if  a  i-acM  Sowing  com!  it  ior.  that  oc  curved  at  shutdown.  The  In  lector 
r  1-n.t  he 3,  |»...| |  ttu,*l*rlch  combust  Lo a  produt t n  hue Kf l >'Wfsl  into  the  <»xidi/ei 
s\*,U>-b}  canned  burn  damage  to  the  jn  lector  elements,  as  '‘wu  jo  Uh»o-  ’*■■ 
‘ine  deiacs  re-at  1  ling  from  the  in  p.-ctoi  damage  were  mini  si  <fbd  because  ot 
the  tm-buiner  in  let  ter  design ,  which  perm  ts  vasv  removal  and  rcpl.H ejivut 
oi  th,  mdi*.  idutl  elements  ■,  -a?  described  In  figure  SAH,  The  f  opal  rod 
tu  j octet •  wcit  read v  for  further  testing,  generally  within  thiee  Javs . 
Ftgutc-A  la u  and  v»o  i.b  w  the  repaired  injector  cent  tarnation,  In  oddlt  ion 
le  is  paiisng  the  jn  tor*-,  a  salvage  t-.cniiioui  was  developed  te-i  the 
•Ui  mired  no/.- 1  v*1  that  semoved  toe  namaviod  entry  slot  section,  as  -shown  tn 
ligun  s  .1  ,  and  i.pt.uod  it  with  -i  n*  w  end  seel  ]>'<%,  shown  in  Siguie  bbd. 
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Figure  551.  250K  Proburnor  Injector  Dual-Orlflce  FB  68732 
Oxidizer  ttoerU  View  Showing  a  {tousle 
Unit  With  Damaged  Sloe  Section  Removed 
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Figure  552.  Schematic  of  250K  rroburner  injector 
Dual-Orifice  Nossle  Assembly  Showing 
the  Replacement  of  Damaged  Entry  Slot 
Section 
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(G)  T9  prevent  a  recurrence  of  the  backflow  conditions  end  to  obtain  a 
reduced  shutdown  temperature  spike,  an  analysis  u£  the  injects?  psigs 
stquitaaaft“^4st*  ssspUtea.  *nis  analysis  indicated  that  shs  problem 
could  be  corrected  by  adding  an  additional  purge  port  that  would  remove 
the  oxid iger  from  the  flew  divider  valve  end  injector  passages  After 
shutdown.  This  additional  purge  port,  shown  in  figure  533,  would  p?uvida 
a  50%  Increase  in  the  gaseous  nitrogen  purge  flow.  As  an  added  precaution, 
tha  purge  passages  to  the  primary  and  secondary  cavities  were  increased 
to  provide  increased  flow,  and  orifices  wars  installed  to  better  control 
tho  purs-  rate.  It  was  determined  that  primary  and  secondary  purge 
rates  of  0.02  ib/aec  and  0.20  lb/tec,  respectively,  wars  required  to  purge 
the  prltr-ary  and  secondary  cavities  end  maintain  an  injector  eevity  pres¬ 
sure  that  would  prevent  injector  backflow.  Prior  to  run  No,  32,  the 
modified  preburner  purge  systems  that  are  shown  in  figure  554,  were 
incorporated.  The  results  or  auhaequcnt  tsato  indicated  that  the  modified 
proburner  yvjec tor  purge  systems  satisfactorily  protected  the  preburnar 
injector  and  reduced  the  shutdown  temperatures, 

<U>  During  the  Phan?  t  test  program,  three  preburner  injector  configurations 
were  tested.  Tha  original  variable  fuel  urea  configuration  consisted  of 
an  inner  and  outer  fuel  annuli  surrounding  tha  12  oxldlaer  noeale  elements, 
as  shown  in  fiyare  516.  The  initial  proburner  tests  (run  No,  1  to  46) 
indicated  that  this  injection  configuration  provided  an  unacceptable 
temperature  profile  at  tha  higher  operating  pressures,  which  are  shown 
in  figure  555. 
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figure  553.  Revised  £50R  Pre burner  Injector 
Oxldlaer  Purge  Schematic 
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\s)  wb  factors  that-  Gouto  c«v;ar  tnU  «i«lvfEiu  Ein))mt«tUia  psvim* 


waw  ir.viscxaitcu  by  flowing  a  prebumsr  injector  on  tha  water  Sic?? 
stand.  The  Slows  were  collected  from  each  of  the  seven  osidixer  elements 


when  the  injector  was  flowing  at  the  80%  water  flow  rates.  These  tests 
disclosed  the  maximum  variation  between  the  seven  alosar,^  to  fes  2J-1, 
Additional  water  flow  teats  “ere  ccnducu  to  determine  the  variation 


betwaen  the  12  dual-orifice  tubes  in  an  element.  These  tacts  showed  the 


maxlmum-variat ion  between  Cho  12  primary -tubes  to  fce  4%.  in  analysing.  - 
these  water  flow  teat  results ,  the  variation  between  the oxidiear 
element?  was  determined  not  to  be  fcho  cause  c^thc^iwnpsretura  profile 
distortion,  A  single  dual-orifice -element  w*e  then  flew  tested  to  evalu¬ 
ate  the  flow  split  be twton  the  inner  and  outer  fuel  annul tc  Those  tests 
eubfitentUted^tha^  tha_iuei  flow  ttUiojjstween  the  inner  and  outer  annuli 
Was  0 . 593y  av  _ — : _ r__-  - 


(C)  Because  those  flow  calibration  tests  indicated  that  the  fuel  and 
oxidieer  flow  variations  were  not  thu  cause  of  the  distorted  temperature 
profile,  an  analysis  of  the  injector  desist  was  made,  These  flow  d4ta, 
coupled  with  data  from  ohriier  flow  testa-chat  had  been  conducted  er.  a 
single  dusi-orlfice  element,  indicated  that  the  problem  was  caused  by 
expansion  of  the  fuel  prior  to  impingement  with  the  oxidizer  conea,  The 
prematura  fuel  expansion  decreased  the  fuel  velocity  and  reduced  atom¬ 
isation  and  mixing  between  the  two  propellants.  The  alternative  pre» 
burner  injector  ccmflgutati^rpwhlch  was  designed  to  correct  this  problem 
and  which  ir-ahowti  in  figure  556,  constated  of  concentric  fuel  annuli 
around  each  of  the  oxidise t  notslee.  In  addition,  the  fuel  metering 
surface  was  moved  forward  t<  obtain  more  direct  implngmant  of  the  high 
velocity  hydrogen  into  the  oxidise*  cone.  Figure  557  shows  the  contrast 
between  the  two  injector  fuel  arrangements,  This  alternative  fuel 
matering  configuration  wao  incorporated  on  the  ?:sbumer  injector  with 
co- rotating  oxldiser  nozsles.  _ 

<C)  In  addition  to  modifying  the  preburner  Injector  to  improve  the  tem¬ 
perature  profile,  those  early  teste  indicated  that  the  operating  prep- 
acre  in  tbs  tost  rig  would  have  to  be  reduced  to  avoid  overs crossing  of 
the  attachment  boJte  and  deflection  of  the  dome  flange  which  had  caused 
static  seal  overboard  leakage.  To  permit  casting  the  combustion  system 
at  tho  100%  flow  condition,  the  area  of  the  back  pressure  plate  was 
increased,  This  increased  area  permits  operation  at  approximately 
3500  psia  (simulating  the  ataged-combustlon  preburner  preasuve). and^ ruO% 
propellant  -2 low  rates,  All  subsequent  prwbvrner  teats  ware  conducted 
at  the  reduced  pressure  level  to  avoid  the  dome  flange  deflection  and 
overboard  leakage, 
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Figure  $.*7,  Freburnei’  Injector  Modification 
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(C)  Testing  t»i@  alfcsrfcsUvet  proburner  injector  con^  ^ration  began 
on  14  JulyT*/57,  The  alternative  injector  sontalnao  ;:;a  co-?otating 
oxidiear  ncr.sle  spray  pattern  In  conjunction  with  i  .6  new  concentric 
fuel  no2Eja  ^arrangement-  After  five  tests  (run  NV;  47  tc  51),  it  was 
determined- that  the  preburner  temperature  profile  vas  still  unsatis¬ 
factory  fb,*  staged- combustion  tasting,  A  revt©*  of  the  test  data  Indt 
eated  that* this  alternatlva  injector  configuration  proyldad  a  signifi¬ 
cant  shift  in  the  prebumar  temperature  profile,  but  Jiu  ova  rail 
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variation  in  temps  ra  tors  yai:  only  slightly  redjcod.  As  shown  In  fig- 

U?f&  5v^  t  th6  h?(^  f  i  !  t»  rule  nuAv  rli^  *ImmAm»>i  i  »t. 

-  *  '  -  '  -  »  **^  *■•«"  *»  *  «•<«»*!  «r  *•  If  IIM  I«vt> 

uf  tWr^n  $l£n*en£8,  3$6£U$&  the  proca }.  &  L^nii  sat  ion  and  rsijtip.**  we?s 

J?:provei  fcjiih  this  alternative  design,  &  rSvtttff  of  the  deslan  indicated 
at  a  -^fidiafir ibution  of  the  OKldlect'  vss  fegyirsd,  A  comparison  of 
thts  iip«ay  pattern  obtained  Item  the  ao~ vot* tin^  and  counter- rotating 
elements  ia  shown  in  figure  358.  the  co«r  eating  oKidlsor  swirl  pattern 
provides  <i  ho®og$neso8  distribution  of  U<?$id  particles  as  compared 
With  t«e„sountb**r&£^l-iPg  £«£$  ligament .  Further  review  o£  the  comparison 
?n-C«,  'Tr^trrf  eo-  and  counter-rotating  configurations  Indicated  that 
the  relatively  cold  areas  over  t«v  center  of  the  norgie  could  be  oliffli- 
nutsd  by  substituting  the  coup  ter-  ruts  tip  2  tvpe  osidiser  norslcs. 
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Figure  558,  frehurne?  9usl*0?m.ee  esldise? 
Slemssnt  Wst§r  £lctr  test  3t 
30P  fine  '  •  •:••  : 
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<€)  The  aitern«iiyc  fuel  msssrihg  configuration  was  incorporated  .into 
the  backup  p^burnur  injector  wiih-4  eautpg?- rotating  s^ddieer  ac?irl 
pattern,  #«!  tbs  last  program  was  continuad.  Hits  alternative  injector 
codfigutatidh,  yssd  on  prscurnar  son  Ho,  32  to  104,  show-1  a  significant 
improvement  in  tbs  sombustion  tsmtparafeur*  profile,  Figures  555T4nd  560 
show  §  temperature  profile  rempsrleea  s>£  three  preburnet  configurations 
evaluated  during  #h*se  I  tasting. 


(C)  &se-4ue®  the  aissrnativn  prsbu?s@f  injedtor  demonstrated  an  acceptable 
temg&?«tut$  profile,  it  'M*s  psaaifcle  to  conduct  testing  at  iOOX  rated 
flow  and  4*(  .’trail  mi&tutfe  sustio  of  3 1  6,  and  7,  Figure  361  shows  the 
preburnee  being  tested  as  th«  100%  lavel."  Xn  addition,  she  pulsing 
taats  at  end  100%  wse  conductud  with  a  sold  fool  inlet  temperature. 
These  tests  .she  dynamic  stability  of  the  prebumer  com- 

buetion  Bystsm, 


Figure  361.  PiVjutnoc  Test  'tit  ltp%  Lw>l  FE  71)05 


(C)  Tito  static  fleal„  -  sakage  problem  In  the  dime  to  injector  housing 
lUugSjj  preyAnualy-;'.  jcuaaeti,  wa^  determined  to  have  been  caused  by 
flange  dafiac^ion  rr*  unloading  of  tho  stretch  bolts  bacaui>e  of  the 
.  combinod-effe-stu  of?  *perat{ng  temperature  and  pressure, .see  figure  529. 

This  probjrcsf  <#88  in{  ialiy  eriaountered  on  prtburnar  run  No,  46.  After  , . 
t approximate 1$ -3  Mfcab*>.i*9.d  eoraatlsn  et  a  prfburna *  pressure  : 

of  3450  paia:  the  don  -  seal  bt.gafi’  leaking  and  a  fJ.ro  developed  In  she--  1 
.-Injector  seal  groover.  After  disassembly  of  the  preb“.mrr  both  the  re- 
raining-  roal  raaterli-  a^d  the  Inject  or  .Internal..  surface  were  tasted  for  i 
contamination;  the  results  ways'  negative.  Numerous  pi?  seais  were 
CflCtkint-dx^inepsctiJa  ^;or  contamination,  end  tested  :£or  liquid  aiygen 
corupanitilit;*.,-  Agaifi  the  results  of  analysis  yets  negative,  FXcsuao  the 
f  l£«^h  'thr-ioie. .to /•  jjector  seal  greovee  was  tmbxplninad  ,  revUed  C-rlng 
'  .aeaL  .cloanldg  prjicad  .frs  were  devised, and  more  stringent  Injector  cleaning, 
•  .handiinsi  add  >j8>f5m^*4*  procedurda  wars  ins  ti  r  ’The  leakage  Jcolrliim  Waa 

Qvaiw-ted  cri  a  pjrebUydor  dome  rial  test  rig;  using  liquid  nitrogen  as  the 
prcafSiflrii^ jnedianf t«  wa*.  determined  that  tSr  turfccoulc^bb  cor)ceated  '' 
with  a\ sVifl~en6d  dome  flange  and  by  tunoilt^Tg-^i^-SbfcitingirtTSJcch  J 
bolts  fed  lQtl,OQ0'ib,  Frobumav  seating  would  have  iicen  dclayud;c£pxoxi- 
mately  V  weeks  vepj?ed  dome  hsdjaaon  Incorporated,  Isrteriiy  tho  V 

hack^prf.'lure  nrtale  was  rctiwd  to  p;  ?mlt  luO%  proburner  opefStlin  at 
-3  4ddtedT’t> Vefl fiuifdr .  Sme  r«vi;id  opprav?  >g  level  :was  selected  ulai is.  f 

tfie  'ind^/ptobuf,j?i  prasadtas  on  the  staged*'etsj*ustlotrrlg,  ?h*r  IF',  stretch 
bolts.U'^VrwrnMihsi  •tsh^ti.i.sing^opa  ration ,  and  the  assembly  pul  can  van  1- 
In-ireaa'ed  y jrora  62 ,500  90,?G0'Vv  sbe^bsoquanfc  preburner  Cos 5  ilgi; 

r.^ittS."SEfeio*3.’of-.  the  revised  dome  h jus ing* win  completed  after^C^fcotf*- 
combustion,  testing  had  begun.  >,  compcrisoo  of  the  original^nd  revised 
preburfisr^demo  houstnqRHs  $hoyr<in  figure '562.  On  all  preEytner  teets 
after  rurv  No;  51,  tha  rvsviacd  At  retch  bolt  loading  was  used"  and  the  epsr- 
cfcing  pressures  were  limited  H>.- 360b.  pris  (7?.%  q/„the  required  5000  p&la) . 
416  fut  their  leakage  probitws  ^.fr^niounterod  cither  .in  Che  dwwr  fleas® 
ov  aCany, oth^r  dreburnl'f  stafJD:  seal" flange  during  tha’  fJnal  prab^mer 
taat4%i»-nd  s rigid- COCCUS tjiofr  testing^  _ 
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c.  rroburncr  rvsc  Results 

(C)  Ninetoen  successful  250K  prebumer  toots  ar:.  discussed  in  tha 
following  listing,  The  first  ton  ttjstu  conducted  in  this  program  used 
tho  original  preburner  injector  configuration  (annular  fuel  aleova 
arrangement),  The  remaining  toots  sera  conducted  with  tho  aiternatlvs 
preburner  injector  configuration  (concentric  fuel  nosslse  around  each 
oxldlser  nosxle).  The  a  lability  tests  were  included  as  part  of  the  last 
nina  teats. 

Test  Rig  Run  Bate  Operating 

Ho.  Ho.  Ho.  Level 

33447- 1  l  U  March  1967  Ignition 

Program:  Conduct  an  Ignition  teat  to  demonstrate  satis¬ 
factory  ignition  and  shutdown,  ignition  was  instantaneous 
and  ran  for  1.6  seconds.  Ho  rig  deterioration  observed 
after  shutdown.  Starting  flows  wore  as  follows: 

0.33  lb/ao^  oxidlser  and  0.47  Ib/sac  fuel. 

Test  Rig  Run  Data  Operating 

No.  No.  Nn,  Level 

33447-1  6  28  March  1967  7%  Thrust 

Program:  The  objective  of  this  test  was  to  demonstrate 
successful  rig  operation  at  high  propellant  tank  pressure 
and  to  operate  at  7%  <-?  rated  thrust,  Run  w«a  terminated 
during  propellant  sank  presauri>‘&tl*\«  because  of  high 
combustion  temperature  caused  by  improper  response  of 
facility  oxidise?  .*alvOj  however,  operation  at  7%  rated 
thrust  wax  successful, 


Test 

*i8 

Run 

Bate 

Operating 

No. 

No, 

Ho, 

Level 

33447- 1 

8 

30  March  1967 

7%  Thrust 

Program:  Conduet  a  test  to  demonstrate  auccessful  operation 
during  propellant  tank  preeaurisatlon  and  at  ?%  rated  thrust. 
Rig  operation  was  successful  at  ignition  and  at  7%  rated 
thrust  levels,  but  was  unstable  during  tank  preeaurlsations 
because  of  improper  response  of  facility  propellant  valves. 


:ai 


Test 

ato 

ttl.H 

Q&araeirti* 

Ho. 

No! 

Ho. 

Leyol 

33447-1 

a 

31  March  1967 

7%  Thrust 

Program:  Conduct  a  test  to  demonstrate  successful  operation 
during  propellant  tank  pressurization  end  at  7%  rated  thrust. 
Rig  operation  was  successful  at  Ignition  and  at  7%  rated 
thrust  levels,  but  was  unstable  during  tank  pressurizations 
because  of  Improper  response  of  facility  propellant  valves. 


Teat 

Rig 

Run 

Date 

Operating 

No. 

No. 

No. 

Leva! 

33483- 2A 

17 

28  April  1967 

35%  Thrust 

Program:  Conduct  a  test  to  evalu&ca  propellant  transient  con¬ 
trol  characteristics  and  successful  operation  at  35%  of 
raced  thrust.  The  test  was  completely  successful  for  full 
duration. 


Test 

Rig 

Run 

Date 

Operating 

No, 

No. 

No, 

Level 

230FB1 

33463- 2A 

19 

2  May  1967 

20%  Thrust 

Program: 

Conduct  a 

test  at 

the  20%  thrust 

level  to  establish 

the  performance  and  temperature  profile  over  the  full  mixture 
ratio  range.  The  facility  control  system  was  programmed 
so  that  at  the  20%  level  the  mixture  ratio  was  varied  to 
establish  the  combustion  temperature  at  approximately  1625°, 
1800“ ,  and  t35QeR  to  correspond  to  proburoer  operation  at 
engine  mixture  ratios  of  6,  7,  and  5.  Figure  583  shows  the 
transient  to  20%  thrust  and  figure  564  shows  the  temperature 
(mixture  ratio)  excursion.  In  addltio..,  during  the  simulated 
acceleration  transient  from  ?%  to  20%,  the  open  injector 
fuel  area  was  adjusted  from  16.5%  to  35%  to  obtain  a  close 
simulation  of  the  fuel  system  pressure  drop.  The  measured 
tsmperature  profile  (maximum  to  average)  varied  from  153* 
to  193°R  during  the  mixture  ratio  excursion.  The  test 
duration  was  63.0  seconds. 


Test 

Rig 

Run 

Date 

Operating 

No. 

No. 

No, 

Level 

2SQFB2 

33463- 2A 

22 

3  Hay  1967 

20%  Thrust 

Program:  This  teat  was  similar  to  test  250PB-1  Saefcpt  lor  the 
increased  injector  fuel  area  setting  arsi  different  misturu 
ratio  settings.  The  facility  control  system  was  varied  to 
pmylde  combustion  temperatures  of  1625%  1850s,  and  1325*R 
during  the  test.  Bata  from  the  20%  operation  am  aho^rn  in 
figure  565.  During  this  test  run,  the  injector  fuel  ares 


fftsura  564.  250K  Prsfeuxnet  Teat  Rig  (Run  19) 


R>  21402 


S3  34  25  «  37  3d  % 


«  m  4?  «  m  &  si  es 


TEST  TIME  •  *x 


Figure  565.  250K  Preburner  Tost  Rig  (Run  22) 


FD  21603 


Test 

Rig 

Run 

Date 

Operating 

No. 

No. 

No, 

Level 

250PB3 

33463- 2A 

24 

5  May  1967 

50%  Thrust 

Program;  The  objective  of  this  teat  was  to  operate  the 
preburner  at  50%  thrust  and  establish  the  combustion  per¬ 
formance  and  temperature  profile  over  tha  full  range  of 
mixture  ratio.  The  simulated  acceleration  transient  from 
7%  to  50%  is  shown  in  figure  566.  During  this  transient, 
the  injector  fuel  area  was  programmed  to  open  from  30% 
to  757.,.  but  the  area  opened  only  to  35%  during  tha  programmed 
period.  The  preburner  stabilised  at  a  preburner  combustion 
chamber  pressure  of  2002  pule  and  a  combustion  temperature 
of  1465°R.  After  approximately  5  seconds  of  stable  operation 
tha  fuel  area  snapj.'ed  open  to  the  75%  setting.  Tha  rapid 
change  in  Injector  fuel  differential  pressure  disrupted  the 
combustion  temperature  profile  and  the  test  was  v  ^matlcally 
terminated.  The  test  duration  was  33.5  seconds. 

During  the  period  prior  to  test  No.  250FS4,  29  praburner 
teats  wore  conducted.  In  this  series  of  tests,  the  pre- 
burner  temperature  profile  was  determined  to  have  been 
excessive,  and  an  alternative  preburner  injector  dasigrt 
was  provided.  During  this  scries  of  tests,  the  control 
of  the  facility  propellant  was  changed  from  a  temperature- 
presfiure  sense  to  a  flowmeter  volumetric  aenso. 


FD  21397 


tgure  566.  Pats  from  Run  24  (Rig  F-33463-2A) 
describing  Power  Level  H&mo  to 
50a  Thrust 


Test 

Rig 

Run 

Date 

Operating 

No. 

No. 

No* 

Level 

33447-3 

46 

28  Juno  1967 

80%  Thrust 

Program;  Conduce  a  east  to  e valuator  rig  operation  at  80% 
rated  thrust.  The  80%  love!  was  obtained.  Prebumar 
pressure  was  3450  psia  and  ail  parameters  were  stable. 
After  4  seconds  of  aceady-etata  operation,  the  run  was 
automatically  shut  down  because  of  a  -fire.  Xfc  was  deter¬ 
mined  that  a  small  oxidizer  leak  had  developed  in  the 
dome- to- injector  0-ring  seals. 


Test 

Rig 

Run 

Date 

Operating 

No. 

No. 

No. 

Level 

33447-4 

51 

16  July  1967 

50%  Thrust 

Program:  Conduct  a  teat  at  50%  rated  thsuac  level  to 
evaluate  temperature  profile  chsreefcevi^tica.  The  50% 
level  was  obtained  but  the  temperature  profile  was  ex¬ 
cessive. 


Data 


Opewf 

Lev* 


Teat 

Rig 

Run 

No, 

No. 

No. 

250P&4 

33447-5 

54 

22  July  1967  50%  Thru** 


Program!  The  objective  of  this  test  was  to  evaluate  the 
preburnor  temperature  profile  and  combustion  performance 
at  50%  rated  flow  with  the  alternative  preburner  injector 
configuration.  In  this  test*  the  simulated  acceleration 
transient  from  7%  to  30%  flow  condition  was  achieved  using 
flow  control.  The  proburncr  fuel  injector  area  was  not 
varied  in  the  test  but  hold  fixed  at  3.5  in?  The  tem¬ 
perature  profile  was  approximately  4SG*R.  This  large 
variation  was  caused  by  the  short  duration  of  the  test 
and  the  fixed  fuel  area  set  at  the  large  opening.  This 
wan  the  initial  contract  tost  with  the  enlarged  back  pres* 
sure  nozzle.  The  test  duration  was  27.6  seconds. 


Teas 

Rig 

Run 

Date 

Operating 

No. 

No, 

No. 

Level 

250PB  i 

33447-5 

58 

23  July  1967 

100%  Thruat 

Program;  This  was  the  initial  test  with  tho  preburner  oper¬ 
ating  at  100%  rated  flew,  The  prebumor  stabilized  at 
3400  psiu.  Because  the  run  duration  at  tho  100%  flow  was 
limited,  these  tests  wore  conducted  at  one  preburner  cou- 
buation  gas  temperature,  1960°R.  During  this  test,  a  satis¬ 
factory  acceleration  transient  to  100%  flow  was  achieved 
using  the  facility  control  system.  The  measured  temperature 
profile  was  460°R,  but  the  moraontum  ratio  was  higher  than 
desired  (6.2).  The  test  duration  was  31.0  seconds. 


Test 

Rig 

Run  Date 

Operating 

No. 

No, 

No. 

Level 

250PB6 

23447-5 

60  24  July  1967 

100%  Thrust 

Program:  The  objective  of  this  test  was  to  investigate  the 
combustion  performance  and  establish  the  temperature 
profile  at  the  100%  flow  condition  and  to  check  the  pulsing 
circuitry.  The  operating  conditions  for  this  test  were 
similar  to  those  for  test  No.  250PB5,  except  that  the 
propellant  momentum  ratio  was  decreased  from  6.2  to  6,0  and 
the  temperature  profile  was  reduced  to  278SR  in  spite  of 
the  70°R  increase  in  the  average  operating  temperature. 
During  this  test,  the  pulsing  circuits  fired  prematurely 
because  of  a  facility  problem  that  was  corrected  for  subse¬ 
quent  tests.  The  preburner  pressure  during  this  test  was 
3464  psia.  The  test  duration  was  31,9  seconds. 


586 


u a  to 


operation 

Level 


4V9  l 

Rig 

nun 

Ho. 

Ho. 

Ho, 

250PB7 

33447-5 

62 

25  July  1967  100%  Thrust 


Programs  The  objective  of  this  teat  was  to  establish  pre- 
burner  performance  and  temperature  profile  at  the  1007* 
flow  condition  with  the  proburner  combustion  system  oper¬ 
ating  at  an  overall  engine  mixture  ratio  of  5*  Satis¬ 
factory  rig  operation  was  attained  with  a  stable  oper¬ 
ating  pressure  of  3600  pula  and  an  average  combustion  gas 
temperature  of  1787**R.  The  tnmporaturo  profile  was  350°R, 
which  was  attributed  to  the  momentum  ratio  increase  to 
6.2.  During  this  test,  a  satisfactory  check  of  the  four 
pulse  triggering  systems  was  conducted.  The  test  duration 
was  35.0  seconds. 


Test 

Rig 

Run 

Da  to 

Operating 

No. 

No. 

Mo, 

Level 

250PB8 

33447-5 

64 

26  July  1967 

100%  Thrust 

Program]  Thu  objective  of  this  tost  wan  to  evaluate  the 
dynamic  stability  of  tho  preburnor  combustion  system  at 
the  100%  flow  condition  with  a  fuel  injector  inlet  tem¬ 
perature  of  IQ2°R.  During  this  test,  the  preburner  com¬ 
bustion  system  stabilised  at  a  combustion  pressure  of 
3200  psia  at  tho  desired  inlet  temporatures ,  and  the  four 
pulse  charges  of  20,  30,  40,  and  80  grains  wore  detonated 
at  60-millisecond  intervals,  '"»e  stability  data,  which 
ware  measured  on  three  Kistlet  jransducars ,  are  presented 
in  figure  567.  The  maximum  overpressurlxation  detected 
was  3%  (96  psia)  and  the  maximum  damping  time  was 
30  milliseconds  (recovery  to  within  0,5%  of  nominal  com¬ 
bustion  pressure).  The  test  duration  was  35,1  seconds, 


Test 

Rig 

Run 

Date 

Operating 

No, 

No, 

No. 

Level 

2SOPB9 

33447-5 

65 

26  July  1967 

20%  Thrust 

Program*  This  test  was  a  20%  pulse  test  to  evaluate  tho 
dynamic  stability  of  the  preburner  combustion  system  at 
20%  rated-  thrust  with  an  injector  fuel  inlet  temperature 
of  iiS9&.  During  this  test,  the  preburner  stabilised  at 
a  combustion  pressure  of  475  psia,  and  the  four  pulso 
charges  of  20,  30,  40,  and  80  grains  were  detonated  at 
60-milllaecond  Intervale ,  The  overpressure  pulses,  which 
were  recorded  during  this  test  on  three  Kistler  transducers, 
are  presented  in  figure  568,  The  maximum  overpressurisation 
recorded  at  20%  thrust  was  96  psia.  The  duration  of  this 
overpressure  condition  was  5  milliseconds.  This  damping 
characteristic  was  wall  within  the  specification  require¬ 
ments  for  this  system.  The  test  duration  was  28.7  seconds. 


8e« 

mrm  33647-5 


Bats  Operating 

Level 

26  July  \U7  100%  Thruet 


frdsrsrat  Xfivastignte  She  .pesr feysanc**  and  temperature  ptofila 
as  100%  flew  and  an  overall  engine  mfeturs  ratio  of  ?,  On 
this  test,  the  pyesurnst  spsrafsd  gt  3200  pain  praburner 
pressure  af$  .2? 24*  i  &v«r«ge  £  Ion  temperature.  the 

£*(Bpa?4fit£t$ -■pfisuYea&nts  indie* £«e  ti&t  the  profile  was 
distorted  epproaigafesiy  6H*t*  Tsi^es  data  ere  net  een- 
Siosiyf.  fessesuss.  ssvs*r«.t  ttsersoeoupiss  wags  log g  during  the 
trsnaisht,  Uowrvaf,  m® 'other  factor  that  could  contribute 
to  i'm  prof Ue  was  fcbs?  jLe**Rsw*n§ys*  ratio  (4,0) , 

All  ep§,mtinji  pgtsftfetatSfWith  the  ss^fclon  of  5  combustion 
temgeragnee  points ,  wets  within  tha  pre-established 

ope  yawing  limits ,  All  psr^is  ways  in  ssesfiOnt  condition 
skasp^  for -seas  %U2i«in^  cn  the  tsmpstr&fenfO  rakes,  T he  teat 
duration  woa  33dl  seconds. 


Test 

Rig 

Run 

Sate 

Operating 

So, 

Ho, 

Laval 

33447* n 

71 

l  August  1J§7 

20%  Thrust 

Programs  Conduct  «  t«st  at  .20%  ?ats^.  ihsist  level  to  evaluate 
effect  o£.eold  ;0Mg  puggs  of  fuel  manifold  prior  to  start  on 
oxidizer  element  filling  time*  Start  transient  oshibitsd 
dip  in  combust ion  temperature  during  refp:  £9  ?%  threat  level, 
But  20%  lavs!  k*$ .obtained  for  jull  tea i  dare tiohi 

Test  Rig  -  .&e|f  .  '  "Dais- '  ~i  '  Operating 


Operating 

Level 


1  Augu&§  l®§7  20%  THryet 


33447- 5B 


program:  Conduct  a  Seat-  at  281  rafc«d  thrust  level  to  further 
evaluate  4 tart  transient.  Test  was  for  full  duration  but 
dips  in  combustion.  tempers  tors  x&m  esspsjiented  just  after 
isnftiort  and  . during  tha  raiap  ;©  ?%J4|Rd  thrust, 

<U)  A  sumsary  of  prebuyner  teas  dste  is  gr§t?e«fci&  in  tables  KIAfi  through 
Xi*I%.  Table*  XLVl  and  XLYIX  provida  sses*urSi- and  calculated,  p^eburnsr 
test  jig  data  ,,  and  tables  KLVIXX  4ns  KLiK  Ilss  %m  pyebujsj  data  f  ro® 
the  staged  combustion  teats,  -  '  '.*"  - 
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(C)  Teble  XLVH.  Summary  of  Calculated  Perform 
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it  H*r  m; 
28  Mar  IW 

30  Mar  1967 

31  Mar  If 87 
18  Apr  1947 


aig  Mo.  • 
kitld  Mo. 


7-336.7-1 
7-3344 7-1 
7-33447-1 
7-33147-1 
7-33443-3A 


t  Map  1917  7-33443-74 


3  Hay  1947  7-33443-2A 


7low  Hit* i  lb  /a*c 
Ib^/aac 


Oaidlaer  Total  Overall  Injector'1'  Ida,*!'*'  Aytr*8*',' 

71  w  Mata,  Linar  Mixture  Mature  Teeparjtura,  Coafcuatl*^ 

lb  /a*e  71  c»  Rate,  Ratio  Ratio  *R  Ttesperatura, 

Ibjj/aat  *S 
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iKSl 
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_vv^n 


-.-4,  .  V  ’ 

•  *  ;vh 


•St*-” 


33C7S3  3  Nay  l««7 

29  Jun  1947 
14  Jul  1947 

230124  22  >Jl  1947 

230783  23  JUl  1947 

230784  74  Jul  1947 

230787  23  Jul  1947 

2307EI  24  Jut  1947 

230789  24  Jk»l  IH7 

2307310  14  Jul  1947 


7-33.4^2* 

7.33447-3 

7^33447-4 

7-3D447-3 

7-33447-3 

7-33447-3 

7-33442-5 

7-33447-*. 

7-33447-3 

7-33447-3 


l  Aug  1942  7-33447-38 

l  Aug  1947  7-33447-3* 


(1)  Injector  furl  flow  rata  •  total  fu«t  flow  rata  •  total  Uaav  cool***  Mow  rata 

(2)  Raaad  cs  lajtccor  datura  ratto 

<3)  iaaad  oa  ot«a-u*ig»t*d  thermocouple  data  11. 1  lnebaa  dcvnatrocn  xf  tojwtor 
(4)  AT  ■  owalatm  tauparature  -  avertjt  temperature 

(3)  Stagnation  yrtatura  ecptala  atatlo  prasaur*  within  data  roundoff 
(3)  Corrected  f«r  Cj  •  0.984  (geoeatrlo  throat  set*  *  6.7*  '.a?) 

(7)  8^?  o  (overate  ttaysratura/ldaal  temperature  l1 3 **- 5  a  1001 

(8)  Oalng  CD  •  0.934  (throat  aras  *  9.0792  Is?) 

<9)  Calculation*  could  not  be  mda  becet’ee  3  T/C  vara  overacaled 

(10)  Carr acted  for  Cg  •  0.934  (goeatttrlr  throat  era*  *  3.94  In?) 

(11)  Mot  calculated.  Throat  AC*  not  ovatlabl*  for  thle  coof Iguretton, 
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Date 

Rig  Ro. 

Staged  Conbuetlon/Preburner 

2303C1C 

18  Aug  1947 

F-35*0a-l/F-33463-3 

2SOSC2C 

50  Aug  1967 

P-33108-1/F-33463-3 

2IOSC3S 

31  Aug  1967 

r-33108-l/f -33463-5 

250SC4C 

1  Sept  1967 

P-35108-1 /P-33463-5 

2503C50 

8  Sept  1967 

F-35108-l /P-33463-5 

2S0SC6C 

9  Sept  1967.. 

P-35108-1 /P-3S463-3 

25Q3C7C 

14  Sept  1967 

P-35108-1 /P-33463- J 

2503 CSC 

15  Sept  1967 

F-33108-1/P-33463-5 

25C3C9C 

15  Sept  1967 

F-351C6-1/P -334 63-3 

230SC10C 

18  Sept  1967 

P-35108-1,  /P-33463-3 

2S0SC11C 

18  Sept  1967 

P-35108-lA'-S3463-3 

asocpui 

28  Sept  1967 

P-35U1-1/P-SS463-6 

250CWC 

29  Sept  1957 

P-3SUI-1/F-33463-6 

230CP3C 

29  Sept  1967 

P-331U-1/P-33463-6 

Total 

fuel 

Plow  Rate, 
lbB/eec 

CKldlser 
Plow  Sato, 
iba/oee 

Total 

Liner 

Plow  Rate, 
lb/eec 

B 

Overall 

Ki«cure 

Ratio 

Injeetur 

mature 

Ratio 

13.3 

6.4 

0.68 

0.48 

3.50 

13.8 

6.3 

0.47 

0.60 

0.62 

35.9 

23.3 

1.21 

0.63 

0.67 

13.6 

8.0 

0.46 

0.59 

0.61 

35.4 

23-2 

1.21 

0.63 

0.63 

68.1 

40.4 

2.23 

0.60 

0.62 

13.7 

8.3 

0.30 

0.60 

0.62 

35.6 

23.2 

1.29 

0.63 

0.67 

69.1 

39,8 

2.40 

0.58 

0,60 

14.2 

8.1 

0.23 

0.S7 

0.S8 

36.3 

23.0 

0.58 

0.63 

0.64 

70.9 

39.2 

1.10 

0.35 

0.36 

13.8 

6.2 

0.23 

0.59 

0.60 

35.5 

23.0 

0.57 

0.64 

0.66 

67.1 

45.7 

0.93 

0.73 

0.74 

14.2 

8.1 

0.25 

0.57 

0.58 

36.4 

22.9 

0.60 

3.63 

0.64 

74.3 

ii/i 

1.17 

0.70 

0.71 

11.7 

7.0 

0.19 

0.60 

0.61 

44.8 

29.1 

0.71 

0.63 

0.66 

65.3 

44.2 

1,01 

0.57 

0.68 

11.5 

7.4 

0.21 

0.64 

0.56 

44.6 

29.2 

0.75 

0.63 

0,66 

83.6 

43.9 

1.05 

0.69 

0.70 

63.6 

43.3 

1.06 

0.68 

0.69 

17.3 

10.7 

0.23 

0,6? 

0.63 

17.1 

9.0 

0.23 

0.52 

0.33 

59. 2 

35.2 

0.82 

0.39 

0.60 

85.5 

53. 7 

1.20 

0.63 

0.63 

14.0 

8.1 

0.23 

0.35 

0.55 

14.0 

S.O 

0.22 

0.57 

0.58 

69.7 

36.7 

0.93 

0,53 

0.33 

13.2 

9.2 

0.19 

0.63 

0.63 

32.5 

35.0 

0.74 

0.67 

0.68 

'iX 


(1)  Injector  fual  flew  rata  •  total  fuel  flow  rata  -  total  liner  coolant  flew  rata 

(2)  Baaed  on  injector  alttture  ratio  .  ,  ,  „ 

(3)  Based  on  area  weighted  thsrsecouple  data  11.2  Inches  dcvnat?aati  of  Injector 

(4)  AY  •  MKlsua  temperature  -  average  tet^eratur# 

(5)  q  *  •  (average  tespereture/tdeai  tsisparature)0*3  *  100B 
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Tea^araturSo 
*R 


Average w 

fios&Hstlon 

Yeo^ratuse, 

•l 


dYl4S/ 

ProfiU, 

*8 


Jr»T. 


e-7- : 

I:- 


0.50 

1166 

1188 

-  37 

0.62 

1397 

1406 

281 

0.67 

1439 

1434 

327 

0.61 

1379 

1442 

339 

0.63 

1474 

1472 

359 

0.62 

1341 

1314 

235 

0.62 

1396 

1433 

264 

0.67 

1460 

1500 

196 

0.60 

1306 

1382 

226 

0.53 

1308 

1354 

164 

0.64 

1405 

1428 

198 

0.S6 

1233 

1261 

216 

0.60 

1337 

1359 

235 

C.66 

1424 

14S9 

275 

0.74 

1557 

1571 

367 

0.51 

1320 

1326 

174 

0.64 

1404 

1448 

265 

0.71 

1472 

1563 

399 

0.61 

1367 

1432 

264 

0.66 

1433 

1447 

241 

0.68 

1461 

1483 

274 

0.66 

1453 

«7l 

161 

0.66 

1448 

1485 

202 

0.70 

1495 

1510 

273 

0.59 

I486 

1466 

217 

0  63 

1399 

1513 
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r  .53 

1231 

1254 

282 

0.60 

1268 

1370 

380 

0.63 

131.5 

1356 

232 

0.56 

1280 

1345 

163 

0.53 

1261 

1407 

285 

0.53 

1121 

1220 

166 

0.63 

1383 

1574 

210 

0.68 

1421 

1491 

249 

589 

100.9 

1979 

42.9 

87.2 

604 

100.3 

1546 

36.1 

63.0 

1596 

100.6 

1320 

78.3 

28.0 

60S 

102.3 

13:9 

36.7 

66.1 

1600 

100.0 

1504 

77.3 

27.7 

3021 

99.0 

1330 

123.9 

19.3 

618 

101.3 

1666 

38.3 

67.0 

1599 

101.4 

1628 

78.6 

29.7 

3095 

102.9 

1587 

122.8 

20.7 

644 

101.7 

1630 

39.0 

69.9 

1600 

100.6 

1670 

78.9 

31.9 

3088 

101.1 

1677 

121.8 

23.7 

615 

100.8 

1574 

36. 9 

63.3 

1587 

101.2 

1572 

78.6 

29.4 

3063 

100.4 

1492 

138.9 

13.9 

633 

100.2 

1644 

31.6 

70.6 

1595 

101.6 

1687 

78.6 

32.9 

3264 

103.0 

1587 

137.8 

13.7 

575 

102.3 

1513 

36.4 

66.0 

2160 

100.5 

1570 

96.0 

24.0 

3133 

100.9 

1494 

138.1 

16.5 

567 

100.6 

1493 

33.8 

61.3 

2183 

101.3 

1549 

93.9 

23.4 

3089 

100.3 

1392 

135.8 

16.2 

2958 

99.3 

1630 

133.6 

17.2 

689 

104.0 

1602 

45.4 

54.3 

655 

101.0 

1638 

43.0 

69.3 

2319 

103.9 

1380 

113.0 

19.7 

2887 

101.6 

1579 

167.0 

14.4 

642 

102.5 

1534 

38.6 

68.3 

643 

105.6 

1427 

37.9 

63.3 

3160 

104.3 

1365 

112.5 

22.1 

630 

106.7 

1361 

36.7 

56.7 

2781 

102.4 

1286 

107.4 

17.2 

E.  FACILITIES  AND  PROCEDURES 


(C)  The  testing  or  the  250K  preburner  rig  was  conducted  in  the  £-$  test 
facility,  shown  in  figure  569,  which  was  provided  by  the  United  Aircraft 
Corporation.  This  high  pressure  facility  permits  preburner  or  staged* 
combustion  testing  to  pressures  of  5000  psl  at  thrust  levels  up  to 
250,000  lb.  This  facility  is  described  in  more  detail  in  Section  IX  of 
this  report.  The  configuration  used  for  control  of  the  preburner  is 
shown  in  figure  570. 

(C)  For  the  preburner  program,  a  series  of  80  nonfiring  flow  teats  and 
approximately  30  hot  firing  tests  were  conducted  to  establish  an  accurate 
and  repeatable  control  system.  The  early  control  concept,  which  utilized 
combustion  gas  temperature  and  chamber  pressure  to  control  the  valve 
position  during  the  acceleration  transient,  was  abandoned  because  of  the 
system  response  and  system  interaction,  which  prevented  smooth  and 
repeatable  transient  and  steady-state  operation.  The  alternative  control 
concept,  which  utilised  the  flowmeter  output  as  a  closed- loop  control 
signal  for  the  position  of  the  propellant  valves  during  the  start  transient, 
proved  to  be  a  satisfactory  and  repeatable  control  system  during  the  start 
transient.  In  this  configuration,  the  operating  level  of  the  preburner  is 
determined  by  the  power  lever  angle,  which  schedules  the  oxidizer  and  fuel 
control  valves  to  maintain  imd  schedule  the  desired  values  of  preburner 
liquid  oxygen  and  hydrogen  flows  into  the  combustion  process.  The  measured 
values  of  these  flows  are  inputted  to  the  coi.trol  system  and  then  com¬ 
pared  with  the  desired  Levels,  which  are  functions  of  the  power  lever 
angle. 

(C)  The  preburner  starting  sequence  is  accomplished  by  diverting  the 
required  fuel  and  oxidizer  flctts  from  a  preset  overboard  condition  to 
the  injeceor  and  allowing  them  to  stabilize.  The  proburner  combustion 
pressure  is  less  than  17.  at  this  point.  The  fuel  and  oxidizer  valves 
are  then  ramped  to  provide  approximately  7%  flow  and,  after  stabilization, 
switched  to  closed- loop  flow  control.  The  run  tanks  are  then  pressurized 
to  the  operating  levels,  and  the  preburner  flows  are  ramped  to  the  desired 
equivalent  thrust  level  and  combustion  temperature,  as  shown  in  fig¬ 
ure  571. 

(C)  During  the  starting  sequence  and  ramp  to  77.,  the  fuel  mixer  temperature 
control  section  modulates  the  gaseous  hydrogen  valves  to  regulate  the  GH2 
flow  into  the  mixing  section  and  provides  the  desired  injector  fuel  tem¬ 
perature  to  simulate  englnu  conditions.  At  77.,  the  gaseous  hydrogen 
valves  are  switched  to  flow  control  and  ramped  with  the  liquid  hydrogen 
valves  in  the  proper  proportions  to  simulate  engine  conditions.  The  total 
fuel  flow  Is  then  determined  by  measuring  the  gaseous  and  liquid  flow  rates. 
Three  parallel  valves  in  the  liquid  hydrogen  system  provide  a  flow  range 
from  starting  to  maximum  flow. 


*3.5  0  6.5  8.5  10.5  17.5 18.9  29.5  36.1 

TIME  *  see 

Figure  571.  25QK  Preburp, or  Teat  Sequence  FD  23010 


(U)  The  oxidlscet;  flew  la  likewise  closed- loop  controlled  through  the 
computer  with  the  necessary  timing  to  maintain  the  required  mixture 
ratio  during  the  transient. 

(U)  Tost  conditions,  other  than  those  scheduled  by  power  lover,  are 
programmed  in  and  put  of  the  control  by  the  digital  sequencer  to  sot 
starting  flows,  provide  automatic  changes  of  flow  level,  and  provide 
automatic  excursions  in  tost  conditions  to  nc-qulre  performance  data. 
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A.  INTRODUCTION 

-  (U)  The  objectives  of  the  250K  stagad-combuetion  program  were  tot 

1.  Demonstrate  satisfactory  ignition 

;  2.  Determine  performance  over  the  mixture  ratio  and  threttiing 

range 

3.  Evaluate  hardware  durability 

4.  Evaluate  combustion  stability 

5.  Demonstrate  the  operating  characteristics  of  the  translating 
nestle 

6.  Demonstrate  the  functions!  ability  and  durability  of  the 
regonerativo  primary  nozzle. 

1  I  B.  SUMMARY  AND  CONCLUSIONS 

V 

\  1  1.  Summary 

(U)  To  accomplish  the  program  objectives,  tests  were  conducted  using  a 
,  250,000-lb  thrust  ataged-combuetion  thrust  chamber.  Main  chamber 

;  ‘  hardware  fabricated  undo?  a  company- sponsor ad  program  for  the  tests 
included  two  main  injectors,  two  main  igniters,  six  sots  of  uncooled 
t  graphite  chamber  liners,  two  coolod  corner  wafer  liners,  and  two  cham- 
’  ■  ber  shells.  Nozzle  hardware  fabricated  included  *nne  sheetmotal  primary 
nozzle,  one  regenera tively  cooled  primary  nozzle,  and  two  ghectaetal 
translating  secondary  nozsle  skirts.  Proburner  hardware  from  the 
250, 000-lb  thrust  level  preburnor  program  was  used. 

(U)  A  third  chamber  shell  was  fabricated  to  provide  pulsing  ports  and 
locations  for  high  frequency  response  pressure  transducers. 

(U)  A  total  of  10  successful  s.taged-combustlon  coolant  optimization  and 
performance  tests  was  conducted;  Six  tests  were  made  to  optimize 
chamber  coolant  flow  rate  and  four  tests  were  made  with  optima  coolant 
flow.  Eight  of  the  tests  were  made  using  thu  translating  secondary 
nozzle,  and  four  t^sts  ware  msdg  using  tha  t'cgener  a  tively  cooled  pri¬ 
mary  nozzle  skirt. 

(C)  To  demonstrate  combustion  stability,  throe  pulsing  testa  were 
conducted  firing  40-  and  80-grein  charges  into  the  ra*in  chamber  at  the 
20  and  100%  thrust  levels c 

2.  Conclusions 

_*,C)  The  fallowing  conclusions  were  made: 

1,  Main  chamber  transpiration  cooling  flows  of  less  than  1%  of 
tetal  propellent  flow  were  demonstrated, 
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2.  Vacuum  Impulse  performance  exceeding  967,  of  theoretical  wis 
demonstrated  at  the  engine  mixture  ratios  from  5  0  to  6. V 
Additional  development  will  be  reqjired  to  attain  967. 
efficiency  at  an  engine  mixture  i a:io  oi  7.0. 

3.  Immediate-  recovery  of  the  main  chamber  ptessure  following 
40  and  80  grain  pulsing  charges  at  injector  mixture  ration 
of  5.9,  6.7,  and  8,5  showed  that  the  combustion  process 
was  extremely  stable. 

4.  Dimension,! I  stabillt-  of  the  chair.bc.’  throat  and  the  con¬ 
dition  ot  the  main  injector  and  chamber  hardware  after 
377  seconds  ot  hot  time  and  42  seconds  at  full  thrust, 
indicated  the  d<rablliv  of  the  main  burner  hardware. 

However,  some  ,  .lie*-  del.minatlon  was  noted  in  the  combus¬ 
tion  chamber. 

5.  The  two-position  nozzle  demonstrated  the  desired  3ea  level 
1  low  stabilisation,  but  nozzle  performance  at  low  chamber  - 
to- ambient  pressure  ratios  was  less  than  expected. 

6.  I  he  turn  Honing  and  durability  of  the  regenerat ively  cooled 
p-im.n\  nuzzle  was  demonstrated. 

C.  250K  STAGED* COMBUSTION  HARDWARE  DESCRIPTION 

(1‘)  The  750K  ground  test  staged  combustion  thrust  chamber  conf  igu.  w>. ion 
L  shown  in  figure  572. 

tC)  The  mr.ir  burner,  illustrated  in  figure  573,  is  located  between  the 
preburner  and  nozzle.  The  main  burner  consists  of  the  main  injector, 
chamber  shell,  transpiration-cooled  chamber  liner,  eranspi rat ior.-coolod 
nozzle  liner,  and  a  torch  igniter  unit.  The  preburner  combustion  pro¬ 
ducts  arc  the  main  burner  fuel  supplv,  supplemented  only  with  fne  hydro¬ 
gen  required  for  transpiration  cooling  the  thrust  chamber.  Eighty  five 
pc.  tent  of  the  engine  uxidlzer  Is  supplied  to  ;ac  main  Injector  r.a  a 
liquid  and  is  injected  into  the  fuel -r it  It  preburner  combustion  gases 
for  combustion  in  the  main  chamber.  These  combustion  products  arc  then 
accelerated  through  I  he  nozzle  to  pioduee  thrust. 

(C)  The  function  of  the  main  injector,  shown  in  figure  574,  Is  to  inject, 
atomize,  and  nnx  the  liquid  oxidizer  with  the  hot  coro’ust ion  products 
from  the  preburner  in  a  manner  that  achieves  maximum  combustion  effi- 
ciencyt^ln  the  main  chamber.  The  injector,  figure  573,  is  a  radial 
spraybar  design.  The  oxidizer  injection  elements  are  brazed  into  the 
radial  spra/bars  and  project  through  slot*  the  porous  RIgimesh 
Injector  caceplate  as  shown  in  figure  576.  These  slots  in  the  Injector 
face  are  sized  to  direct  and  distribute  approximately  927.  of  the  fuel- 
rich  preburncr  gases  on  the  injected  liquid  oxldiznr.  Tho  remainder  of 
the  preburncr  gases  Clow  through  the  porous  faceplate  to  e-  a  barrier 
between  the  faceplate  and  the  main  burner  combustion  products. 
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Figure  573.  Haip  Burner  206S»1A 
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Figure  574.  Main  Injector  Configuration  FD  20693 
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Figure  575.  Main  Injector  Spraybar  FD  20688 

Cross-Section 


Figure  576.  Main  Injector  Assembly 


FE  70340 


(U)  The  EHis  torch  igniter  ie  loceted  in  the  center  of  the  main  <nt«ctar. 
The  igniter*  similar  to  the  preburner  torch  igniter,  is  a  hydrogen-cooled, 
continuous -burning,  oxygen-hydrogen  torch  with  dual  spark  ignition  sys¬ 
tems.  The  igniter  torch  is  directed  axially  into  the  main  chamber. 

(C)  Tho  mein  combustion  chamber,  shown  in  figutB  57'/,  includes  the  main 
chamber  shell,  the  transpiration-cooled  chamber  and  nozzle  liners,  and 
the  liner  support.  The  isuin  chamber  shell  constitutes  tho  pressure 
vassal  for  the  main  burner  and  is  the  main  structural  member  of  tho 
engine  for  support  of  the  primary  and  secondary  exhaust  nozzles.  Tho 
tranepiration-coolcd  liners  are  conatructed  of  thin  coppor  wafers  that 
have  spiral  grooves  etched  in  both  faces.  These  wafers  are  braze 
bonded  to  form  a  controlled  porosity  unit.  Gaseous  hydrogen  passes 
through  tho  grooves  to  convectlvoly  cool  the  liner  and  then  flows  into 
the  main  chamber  to  form  a  relatively  cool  gaseous  barrier  along  the 
inner  surface  of  the  liner. 

(U)  Tho  analytical  heat  transfor  model  (discussed  In  Section  VI)  was 
used  in  conjunction  with  wafer  structural  requirements  to  determine 
acceptable  limits  in  the  spiral  groove  dimensions.  A  dimensioned  cross 
section  of  a  typical  wafer  is  shown  in  flguro  578,  and  groove  dimensional 
distribution  characteristics  are  shown  in  figures  579  through  581, 

Every  wa'.er  was  inspected  visually  and  dimsnslonaliy.  Groove  widths 
were  limited  to  maintain  an  acceptable  brazo  bonding  area. 

(C)  Figure  582  shows  the  predicted  effect  of  bulk  zone  flow  area  on 
cooling  requirements  at  different  chamber  locations.  The  bulk  zone 
area  was  kept  large  enough  to  onsure  a  predicted  coolant  mass  flux  at 
a  minimum  supply  pressure  of  3400  psla, 

(C)  The  nozzle,  shown  in  figures  583  and  584,  consists  of  the  primary 
nozzle,  translating  secondary  nozzle  and  drive  mechanism.  The  nestle 
has  a  design  area  ratio  of  89  truncated  at  an  area  ratio  of  60,  Tho 
primary  portion  of  the  nozzle  metos  to  the  rear  section  of  the  trans¬ 
piration  cooled  liner  at  an  area  ratio  of  4.75  and  extends  to  an  area 
ratio  of  20.  The  primary  nozzle  is  regeneva tlvely  cooled.  A  sheet- 
motal  skirt  extends  from  an  area  ratio  of  20  to  an  area  ratio  of  60, 

The  secondary  nozzle  is  supported  on  e  translating  mechanism  that  allows 
the  secondary  to  move  15  inches,  from  the  retracted  (open)  to  the 
extonded  (closed)  position. 
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Figure  580.  Photoengraved  Spiral  Groove  Average 
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Figure  582.  Kclativo  Coolant  Flux 

Vfl  Average  Wafer  Flow  Aren 


DF  59505 


Figure  583.  250X  Translating  Noaslo  FE  70054 

Showing  Drive  Mechanism 
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Figure  584.  250K  Translating  Nozzle  Showing  FE  703?" 

Primary  and  Sheetraetai  Secondary 

(U)  Combustion  stability  chamber  pulsing  hardware  was  designed  and  con¬ 
structed.  Pressure  pulses  were  generated  by  firing  40  and  80  groin 
explosive  chargee  in  pulse  gun  chambers  with  a  burst  diaphragm  rated 
at  20,000  psi.  Pressure  fluctuations  wore  measured  by  piezoelectric 
dynamic  pressure  transafleers  mourted  in  proximity  to  eho  chamber  inner 
wall. 

(C)  The  following  main  chamber  pulsing  hardware  was  procured  under  the 
contract!  an  8-in.  main  chamber  shell,  a  2-in,  spacer,  a  3-in.  housing 
for  tho  pulso  guns  and  pressure  transducers,  a  combustion  chamber  liner, 
and  longer  tie  bolts  to  attach  tho  new  chamber  shell,  spacer,  and  housing 
to  the-  preburner  and  main  injector.  The  pulse  guns  from  the  preburns.* 
program  were  used. 

(U)  Tho  main  chamber  liner  used  a  combination  of  film  and  transpiration 
cooling.  The  convergent  nozzle  section  was  salvaged  from  the  trans¬ 
piration-cooled  liner  that  was  damaged  after  the  eighth-staged  combus¬ 
tion  tost,  and  brazed  to  a  stool  cyiindor.  The  stool  cylinder  formed 
a  housing  f~r  two  film-coaled  combustion  chamber  liner  sections.  The 
liner  section  adjacent  to  the  transpiration  section  was  made  from  an 
uncoolod  graphite  chamber  liner.  The  forward  section  was  made  of  solid 
copper  brazed  to  a  steel  ring  at  “ho  upstream  end  which  formed  a  film 
coolant  inlet  annulus.  The  graphi.ee  section  was  located  axially  inside 
tho  steel  cylinder  with  dowel  pins  and  the  copper  section  woe  retained 
with  countersunk  flathoad  screws.  This  formed  a  chamber  liner  assembly 
l  that  was  inserted  inside  tho  chamber  shell,  Tho  pulse  gun  barrels  an'' 

;  two  of  the  transducer  housings  enter  the  chamber  through  the  solid 
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copper  liner  sect  lor.,  Hubbcr  Q-rlngs  were  used  to  prevent  coolant 
How  through  passages  other  than  the  Him  coolant  annulu;  and  the 
transpiration-cooled  section. 

(U)  Figures  585  imd  586  ohow  pulse  gun  end  pressure  transducer  Instal¬ 
lation  configuration.  Figure  587  shows  the  chamber  shell  and  chamber 
llnej  nHgurotlon. 
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Figure  586.  Main  Chamber  Pressure  FD  23016 

Transducer  installation 
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Figure  SS7.  tUin  Chamber  Fulse  FS  23013 

Testing  Configuration 


e.  test  mocmi  ma  test  results 

Ji  introduction 

(C)  Testing  of  the  250K  thrust  level  stag'd-combustlon  lightweight 
design  Hardware  wa#  conducted  on  the  6600  psi  E-8  pressure-fed  facility 
to  difsonibrata  she  following! 

I#  Satisfactory  ignition 

2.  -  Staged-coai-ufltion  '><=riormsncp  between  20  to  100%  thrust  and 
S.O  to  7.0  engine  mixture  ratio  ranges.  ~ 

%,  Tdrdvaro  durability 

4,  Combustion  stability- 

<C)  To  accomplish  "hose  objectives;  the  teat  program  was  divided  into 
three  phases: 

1 .  Preburner  tests 

I.  'fin  chamber  coolant  optimization  and  performance  tests 

J.  Main  chamber  ec-ibustion  stability  teats. 

(U)  The  staged ^combust  tan  ground  tost  rig,  shown  mounted  in  fche  test 
stand  in  figure  588,  consists  o£  the  preburner  and  main  burner  assem¬ 
blies  &nd  the  two-position  nossle. 


<U)  k  description  of  the  test  facility  and  test  procedures  is  presented 
in  paragraph  E  of  this  Section, 
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Figure  5Wr  St  aged -Combustion  Rig  FE  71244 

Installed  in  Test  Stand 

(£.}  The,  six  additional  preburner  teBl'e  (runs  No,  67  to  It  inclusive) 
were  necessary  niter  completion  of  the  preburner  performance  teat 
series  to  demonstrate  aatisfaetory  preburner  chamber  temperature  pro* 
file  control  required  for  ataged-combustion  testing  during  the  startup 
and  shutdown  transients, 

(C)  A  total  <?£  10  completely  successful  stage  combustion  coolant  opti¬ 
mization  and  performance  tests  was  conducted.  The  main  chamber  wag 
reorifieed  twice  to-  produce  a  nearly  optimized  coolant  distribution 
with  &n  approximately  uniform  surface  temperature  of  1900°R  in  the 
combustion  chamber  and  divergent  nozzle,  and  t?00°R  in*  the  convergent 
nozzle  including  the  throat ,  The  analytical  heat  transfer  mod >1  and 
the  temperature  sansitii'ts  platings  were  employed  to  determine  coolant 
reductions*  Percent  coolant  to  total  flow  rate  ratios  (wc/wp)  of  less 
than  l.Ct  were  demonstrated  o/er  the  engine  mixture  ratio  range, 

(C >  Chamber  and  nozzle  performance  with  the  cooled  primary  nozzle  was 
demons  tinted  over  the  engine  mixture  ratio  range  of  3,0  to  7,1  and  over 
the  throttling  range  of  20  to  100%  thrust  during  the  final  5  performance 
tests.  Vacuum  specific  impulse  efficiency,  ^IyaCi  of  97,3,  06,6,  and 
94.07*  based  on  tb  areiicai  one-dimensional  isencropic  t-qui  1  ibr turn  values 
was  nehirved  st  overall  mixture  ratios  fr)  of  5,0,  6,0,  and  7.0,  rp»p»V" 
timely,  with  the  nozzles  x tended  (t  *  60),  and  transpiration  cooling 
flow  rates  (wc/vp)  of  »pp* .  ximstely  1.0%.  Nozzle  efficiency  (*Jcp) 
decreased  2.2%  between  overall  mixture  ratios  oi.  5  anti  ?  at  100%  thrust. 
Analytical  studies  have .Indicated  that  this  is  the  result  of  increasing 
combustion  gas  mixture  ratio  »ro‘iie  variation  and/or  increasing  nozzle 
friet!on  at.  higher  mixture  ratios. 
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(C)  Reducing  transpiration  cooling  flow  (iic/$n)  ^rom  1*5%  to  1.0%  during 
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1  <5/9  fit  1007*  thrust ,  r  **  6* 

(C)  Proburner  combustion  temperature  level  did  not  appear  to  significantly 
influence  main  chamber  performance  foj.  the  range  of  1300°R  to  1600*R. 

(C)  The  two-position  nozzle  demonstrated  stabilized  see  level  nozzle  flow. 
The  retracted  (f  ■  20)  thrust  was  1.0%  greater  Chan  the  nozzle  extended 
thrust  at  sea  level . 

(C)  A  secondary  airflow  is  induced  by  the  primary  nozzle  flow,  which 
results  in  reduced  static  wall  pressures  along  the  inside  of  the  secondary 
nozzle.  The  effect  is  a  drag  force  of  up  to  1%  ot  the  se<?  \evel  thrust. 

(C)  Estimates  of  the  vacuum  specific  impulse  for  nozzle  retracted  operation 
shown  in  figure  589  show  performance  to  be  4.0%  lower  than  the  nozzle  ex¬ 
tended  performance.  ’  »is  lower  performance  is  the  result  of  lower  nozzle 
C8  (3%)  and  secondary  nozzle  drag  (1%).  These  estimates  with  the  nozzle 
retracted  ore  probably  conservative  since  they  are  based  on  sea  level  test 
data,  which  include  the  secondary  nozzle  drag.  This  drag  force  would  not 
be  present  under  vacuum  conditions. 

(C)  The  primary  nozzle  flow  impinged  on  the  secondary  nozzle  at  chamber 
pressures  greater  than  approximately  2600  pula  at  sea  level  condit  .e 
with  this  nozzle  configuration.  Secondary  nozzle  temperatures  indicate 
the  possibility  of  overheating  if  the  engine  is  operated  for  a  long 
durntion  under  attachment  condi ti on n  without  cooling  the  secondary  skirt. 

(C)  Main  chamber  combustion  stability  waa  demonstrated  at  various  thrust 
levels  and  mixture  ratios.  The  «iin  chamber  was  pulsed  with  40  grain 
and  80  grain  explosive  charges  at  20%  thrust  and  100%  thrust. 

(C)  Main  chamber  durability  was  demonstrated  by  the  good  condition  of  the 
hardware  after  a  total  hot  firing  time  of  377  seconds,  including  42  seconds 
at  100%  thrust.  Dimensional  stability  of  the  250K.  main  chamber  throot  in 
contrast  to  the  50K,  shown  In  figure  590,  indicates  the  effectiveness' of', 
the  circumferential  and  axial  thermal  reliefs  in  mininizlng  thermal  strain, 

D  requirement  for  long  cyclic  fatigue  life.  The  dimensional  change  •> 
reflect  a  cyclic  strain  on  the  order  of  a  0,3%  strain  or  loss  with  pre¬ 
dicted  life  of  more  than  1-9,000  cycleH  according  to  the  study  by  S,S.  Monson 
and  C.  Halford  (Reference  NASA  TMX-52270/,  and  shown  in  figure  591.  The 
cwe-directi on«l  thermal  strain  reliefs  are  shown  schematically  in  fig¬ 
ure  592.  The  radially  directed  slots  shown  in  a  detail  wafer  in  fig¬ 
ure  593«  provide  thermal  Strain  relief  in  th«  circumferential  (hoop) 
direction.  Relief  in  the  axial  direction  wos  obtained  by  photoengraving 
a  0,001-inch  annulus  at  the  ID  in  the  ungrooved  face  as  shown  in  fig¬ 
ure  593b.  Overpreasurizotlon  of  the  main  chamber  during  startup  and 
shutdown  transients  caused  inward  bowing  of  the  cylindrical  section  and 
wos  responsible  for  some  wafer  plate  separation.  Ovcrpressuri zat i on 
would  not  occur  in  an  actual  engine  since  it  is  a  pump-fed  and  not  a 
pressure- fed  ajstem.  In  addition,  some  separation  occurred  In  the 
divergent  nozzle  because  of  excessive  thermal  strain  (no  thermal  reliefs 
were  provided), 
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(U)  The  regencrati vely  cooled  primary  riozxlo  demonstrated  functional 
Ability  And  durability. 

2.  Stnged-Conibustinn  Performance 

(C)  Summaries  of  measured  and  calculated  performance  data  for  all  staged 
comhuetian  tests  ore  presented  Ln  tables  1,  and  hi.  Performance  obtained 
ovei  the  throttling  range  Tit  aoo  level  and  vacuum  conditions  with  the 
nozzle  extended  and  retracted  is  compared  to  theoretical  one-dimensions! 
Isentropic  equilibrium  values  atid  is  shown  na  a  function  of  engine  mixture 
ratio  in  figures  589  and  594  through  596.  Thoite  data  were  calculated  In 
a  manner  similar  to  the  50K  staged  combustion  teats  as  described  in 
Appendix  IV.  Vacuum  performance  with  the  nozzle  retracted  ns  shown  in 
figure  589  includes  secondary  nozzle  drag.  Tills  drag  force  would  not  be 
present  under  vacuum  conditions.  Efficiencies  nt  the  higher  engine  mixture 
ratios  may  he  improved  with  more  uniform  preburner  temperature  profile  and 
a  significant  exhaust  bulk  temperature  Increase.  Increasing  preburner 
vxhmifit  bulk  temperature  would  provide  higher  main  burner  Injector  momentum 
ratios . 

(0)  Steady-state  data  were  token  at  the  20  and  100%  thruat  levels  for 
all  performance  tests  except  tests  No,  250SCIC  and  250SC2C,  which  were 
programmed  to  shutdown  at  33-1/3%  end  75%  thrust,  respectively,  and 
test  No.  259SC10C,  which  was  advanced  tu  shutdown  during  the  acceleration 
to  5'}7»  thrust.  Fifty  porccnL  thrust  data  were  obtained  during  test 
No.  250SC2C  chrough  250SG7C  and  70%  thrust  data  for  tear  No.  250SC8C, 
250SC9C,  and  250SC1.1C.  The  combustion  stability  tests  wore  ramped 
directly  from  20  to  100%  thrust.  Hie  two-position  nozzle  was  extended 
only  at  the  100%  thrust  level  and  retracted  <iL  shutdown  to  ventilate 
and  minimize  the  side-loading  effects  during  chamber  deceleration. 

(U)  An  exhaust  gas  sampling  probe  was  used  to  evaluate  the  mixtt.ro  ratio 
profile  nt  the  exit  piano  of  the  secondary  nozzle  and  is  discussed  in 
Appendix  V. 

3.  Prtburncr  Teats 

(C)  Six  additional  proburner  tests  (run  No.  67  to  72)  were  conducted 
prior  to  initiating  the  atagnd-combustion  tests  to  improve  the  starting 
and  shutdown  tost  sequence  and  to  minimize  the  temperature  spike  during 
the  shutdown.  Incorporating  n  supplemental  fuel  flow  eliminated  the 
shutdown  temperature  spike.  The  buck  pressure  nozzle  area  was  resized 
for  runs  No.  71  and  72  to  simulate  stagcd-combuation  back  pressure 
during  the  startup  to  20%  thrust  flows,  The  tests  verified  that  the 
starting  and  shutdown  were  .*  eptablo  for  staged  combustion  operation, 

4.  Main  Chamber  Coolant-  Optimization  and  Performance  Tests 

(C)  A  total  of  27  cooled  tests,  10  of  which  were  completely  succesnful , 
was  conducted  (1)  to  establish  starting  and  operational  sequences, 

(2)  to  optimize  coolant  distribution,  and  (3)  to  demonstrate  performance 
over  the  required  mixture  ratio  and  throttling  ranges.  Five  tests  nt 
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100%  thruot  wore  required  cq  optimise  cooling, 

was  maintained  at  a  nominal  6,5  at  the  20,  50*  and  100%  thrust  level# 
ey.copt  for  test  No,  ZDoaCoC,  which  was  a  7tl  mixture  ratio  test.  The 
condition  of  the  main  injector  and  main  chamber  during  testing  is  shown 
in  figures  597  and  598,  roapectivoly, 
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Figure  590.  Demonstration  of  Cooled  Thrust 
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Figure  591,  Effect  of  Strain  on  Wafer  FD  21055 

how  Cycle  Fatigue  Life 
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Figure  593.  Grooved  Wafer  Thermal  Relief  Ft)  23932 
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Figure  597  .  Main  injector  ili  story, 

Cooling  Optimization  and 
Performance  Test  S?i les 
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(C)  The  {list  six  runs  wen  atP'or-ceo  to  shut  down  during  ignition  flows 
(17)  >»r  during  the  ..l  ansic:  t  to'  '/%;  five  being  advanced  because  of  pi  - 
burner  combustion  temporal!  res  outside  acceptable  Limits.  The  seventh 
Lest  (230SCIC)  was  «  lull  duration,  staged -combust ion  Ct?st  witli  steady- 
state  operation  at  20‘i  and  acceleration  to  3'17r  d»rus t .  The  post-Ceal 
inspeition  showed  all  the  parts  were  in  excellent  condiTTOh .  The 
next  teat  was  scheduled  to  accelerate  co  50%  thrust  with  data  points 
at  the  20  and  507  lev  i,  but  v.vs  advanced  to  shut  down  because  of 
high  proburner  combo*.  >n  temperatures  during  t he  transient  to  7 %  flows. 
During  the  post-test  i  c'.ity  purge,  the  main  chamber  high  pres  re 
gaseous  hydrogen  coolant  was  m  idver  t  enf  i  *  supp  -led  to  the  rig,  causl  <g 
overpresaui ’station  and  collapse  of  the  transpiration-cooled  main  charo 
her  liner,  «-.j  shown  in  figure  J.hg,  TI.c  tan  in  burner  and  nozzle  assembl  in 
were  removed  I'rcs*  die  Lest  stand  anu  the  stain  injector  and  chamber  were 
replaced  with  lb>*  backup  set  of  haidware,  The  ps imary  nozzle  attach¬ 
ment  cibc  tvafi  re  seed  with  a  new  «jeclion.  Tlv  prebenwr  remained 
mni'if- in  the  lent  facility.  The  main  burner  ar.c  nozzles  ore  returned 
to  Mie  tost  stand  and  tin*  itex*  six  runs  were  ■xiv.inccu  ,-u  Iwn.. 

Iuufl.se  oi  prt-burn  coiubnit  ion  tempo  ratines  being  on!  of  limits. 
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(€)  The  problem  ui  repeatable  facility  control  nfc  very  Low  ninruing 
How  rotas  (approx Imately  t%)  delayed  steged-combustlon  rig  testing, 
win  in  this  problem  was  encountered  in  preburner  coating,  it  was  more 
pronounced  in  siagad-corntnistion  tests  because  of  the  lowor  tompornturo 
abort  limits  required  to  protect  the  main  burnor  injector  (2400°R).  The 
feasibility  of  starting  at  tonk  head  pressures  and  1%  flows  had  been 
demonstrated  during  the  preburner  tests  and  in  ntagod-eombuntlon  tent 
Ho.  250S01G.  The  preburner  starting  flews  wore  increased  to  77..  The 
77,  liquid  oxygen  conditions  in  the  preburner  and  gaseous  oxygon  condi¬ 
tions  In  the  main  burner  were  established  and  then  the  fuel  was  rapidly 
romped  lo  77,  flow,  The  probyrnor  transient  from  oxygon-rich  to  fuel- 
rich  is  so  rapid  that  there  was  no  significant  temperature  spike. 

Run  No,  15  was  the  first  77#  ignition  teotj  smooth,  stable  ignition 
was  achlcod,  as  shown  in  figure  599.  All  subsequent  tests  used  ilw 
new  starting  Clous  with  complete  success.  The  starting  flow  control 
problems  encountered  during  preburner  testing  and  on  the  iniuai  atfiged- 
eombufit' Ion  tests  were  associated  with  the  hlgh-prosflin  o-fod  roc  il  tty, 
where  it  wan  difficult  to  provide  adequate  tirndown  for  accurate  start¬ 
ing  flow  control,  and  system  heat  leaks  In  the  facility  plumbing  at; 
the  low  starting  flown  aggravated  the  problem.  On  an  engine  system, 
low  pressures  would  supply  the  starting  flows,  and  starting  Clow  con¬ 
trol  valves  would  be  sized  to  operate  in  an  acceptable  control  bond. 
Figure  <>00  shown  a  typical  test  sequence  as  used  on  subsequent  runs. 


Til  *15  •  sec 


Figure  599.  i>st  Ho,  15  Preburner 

Temperature  and  Preonure 
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Figure  GUO.  250K  St  aged- Combust  ion  ’i'eftt  FD  22901 

Sequence  -  Test  No.  250SC3C  -  -  - 


(G)  The  first  77.  starting  Clow  tost  was  prematurely  advanced  to  shut 
down  because  or  on  error  ir  Calling  to  arm  tlur  preburncr  oxidizer 
control  ryntom  to  flowmeter  control.  During  the  oxidizer  run  tank 
___ oreaaurlHii t i on_r vc  1  e ,  the  prebuincr  oxidizer  blow  Increased,  causing 
tlie  excessive  proburner  temperature.  The  main  injector  wan  billed 
because  of  the  excessive  preburner  temperature,  but  wag  hot  otherwise 
damaged,  and  completed  the  Usst  series. in  good  condition.  The?  next 
LOflv,  No,  250SC2G,  was  ft  full  -duration  sCaged-cambustion  tost  progg/iyied 
_co  stabilize  at  20  and  50%.  thrust  and  shut  down  after  acceleration  to 
75*4  thrust  to  verily  the  compattbiLity  o  £ tha~ma j, jy_ burner  end  preburnef 
fVow  acceleration  ramnn.  Nominal  Engine  mixture  wa<t-T>;l  at  the  26  and 
50%  thrust  lards.  Data  analysis  and  post ‘•tent  inspection  of  tlie  test 
fig  verified  the  validity  of  the  flow  control  and  showed  the  rig  to 
lie  operating  as  anticipated, 

(0)  Test  No,  250SC3C  was  the  first  i 007,  thruM1— ejulged -  evffimJsflon -tea C ,  - 
and  all  tost  objective.:  were  n*uUovod  w^li  Btcady-stnfcu  operation  tit 
20,  50,  and  1007.  thrust  with  a  nominal  engine  mixture  rat  io  of  6,0, 

The  sc-ondary  trnnalat ihg  nozzle  wan  extended  at  the  1007.  thrust  sotting 
and  wus  retracted  and  ventilated  at  shutdown.-  Tli^  rig  operating  .at  1007. 
thrust  if,  nhowu  i.i  i  igure  out,  mu  i.  Doling  cuLer  id  the,  pr  inuu  y  unu 
secondary  nozzles  was  off  during  the  data  periods  at  20,  50,  and  1007. 
thrust.  The  hardware  wan  in  good  ennditfon. 

(C)  The  cooled  chamber  front  assembly  wa^  removed  from  the  shc’l  after 
“  cesl  No,  250SC4C.  The  supply  ^nngageii  tn  tlie  rear  assembly  wore  reor- 
iflced  to  reduce  flow  by  30%  in  the  divergent  noxalu,  The  chamber  out¬ 
side  diameter  In  the  cylindrical  section  wan  bowed  Inward  slightly. 

This  was  caused  by  overpresn..rls;nt ion  during  startup  and  shutdown 
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main  control  va,',o  wo?  opened  am!  main  chamber  pressure  van  low. 
inspection  ol  the  bypass  line  revealed  liiat  cue  How-reiiLi  ii  i  Ing 
or  i  t Lee  hxyl  pilled,  apparent  i y  when  thu-first  cooled  liner  was  ov^rpres 
gnma,  —  n- vinw-orx-ncu-wnn-iTrHr,tMTtnr~nTtnT  bo frig  jif c sSuro  rm*  cited  above 
10,000  pal.  The  overpressure  because  of  the  f.illod  orifice  was  respon¬ 
sible  for  inside  diameter  plate  nop a r a t Ion  Ln  the  cyl Inmienl  port  Lon 
of  the  Unor,  Thin  wao  noticed  after  tho  flrut  test  with  tha  liner, 


Figure.  601,  2S0K  St  aged- Combo  8  Lion  Rig  PE  72190 

Operating  at  1007.  Thrust 


(C)  Tho  chamber  was  reorltlccd  after  teat  Mo.  2S0h'C6C  and  the  water 
cooled  primary  iiozzla  was  replaced  with  the  Lib  re none rat tvoly  cooled 
nozzle,  Tha  temperature  sensitive  platings  InOlented  that  tlio  eyllndtl 
enl  chamber  (zones  -1  fclnuiugh  7)  wr.s  operating  near  i900°ii  surface  tow- 
potature,  but  that  the  convergent  i»*ui  divergent  nozzle  sections  could 
he  reduced  significantly .  As  n  result,  zones  6  through  IB  (convergent 
uozzlo-and  ttniiwdtololy  downntream  of  the  throat)  wine  rndueed  by  V.'jX 
and  the  rest  of  the  divergent  nozzle  (zones  19  through  26)  by  J3-I/3/L, 
The  reductions  wore  to  increase  surface  well  temperatures  by  ?.U0°R  In 
the  convergent  nozzle  and  by  300°U  lit  the  divergent  nozzle,  !ia«ed  on 
predictions  by  the  analytical' heal  transfer  model.  Figure  o0?,  shows 
how  the  flow  reduction  was  vnLTmntad  for  the  throat  (zone  16), 


(C)  Tests  No.  250BC7C,  2503C&£;  250SC9G,  and  250S0UC  demount rated 
nearly  optimized  .a.t  di  »tri  ;! I  lor.  at  • u"  100^  le'-nl  nvm  the 

engine  mixture  ratio  range,  as  shown  In  llpuro  603,  Tho  1 1 mi  ted  number 
of  teals  did  not  permit  coolant  opt  list  get (on  over  the  ihrollsing  range, 
nil  hough  performance  data  w^re  obtained  at  20,  30,  and  VOX  thrust  for 
different  mixture  ratios.  The  1007-  thrust  level  chamber  pressure,  ind 
mixture  ratio  were  1  owr  than  programed  for  teeL  No.  250SC11C  because 
of  restricted  flow  through  a  collapsed  main  Injector  liquid  oxygon 
Jr  let  filter. 
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(C)  The  temperature  sensitive  platings  indicated  in  the  downstream 
portion  of  the  rear  assembly  hr  we.i  as  the  combustion  chambot  and 
In  the  Convergent  nozzle  during  testbifo,  250807C,  .After  tills  test, 
only  minor  increases  In  cho  amount  of  indication  occurred  during  the 
remainder  of  the  performance  tests  while  cooling  flow  remained  constant. 
The  post-test  condition  of  the  main  chamber  hardware  was  good;  esti¬ 
mated  magi  mum^  surf  pea  temperatures  are  shown  in  f iguv'e- 604 .  liner 
structural  Htrongth-  ramaihed  adequate  -because  dfiihF-vcryjSteopi  wail  :  =~ 
tomperature  gradientsi-ss  Shown  in  figure  605.  A  prediction  of  Che;' 
chamber  coolant  if  the  distribution  were  exactly,  optimized  is  included 
in  figure  603,  ALl  the  hardware  was  generally -In  good  condition  except 
for  thc-preburner  Injeetorlwhlch  hmJ  5  burned.  dunl-*os  Ulch  o’  wment-3- 
(figure  606),  Data  analysis  indicated  burning  hod  occurred  prim  to 
tost  No,  Z50SC2C  when  the  rig  was  advanced  to  shut  down  several  times 
at  very  low  chamber  pressures  (less  than  60  psi) ...  The  secondary 
cavity  nitrogen  purge  flow  rate  was  insufficient  to  incroaso  cavity 
pressure  faster  than  the  Git)  purge  Increased  pfeburnor  chamber  pressure,7 
wh tch  caused  backflow,  "  :  -  ^ 

<G)  Main  chamber  durability'  was  indicated  fry  the  condition  of.  the  hard¬ 
ware.  Total  hot.  firing  timed  nf  516  amF37 7  second^- with  4&.,4- and 
41,8  seconds  at  100%  thrust,  were  achieved  on  Che-maLr-inJcctov  and 
cooled  chamber  bill U! ,  ro  spoilt  tva ly ,  .In  contrast  fo  the  50K  cooled  chamber 
the  250K  throat  diameter  experienced  only  0,1 7%  diametric  shrinkage.  cdm*_ 
pared  to  2, 207.  for  the  50K,  This  indicates  thntOhc  thermal  reliefs  ^ 
were  effective  th  minimizing  thermal  t train,  whiehts  a  requirement  for 
long  cycle  Fatigue  I  ife,  -  >\ 


’  t  IWkm 

•-  Figure  604.  Main  Ghamber  Surface  Tempera-  FD  23039 

cure  Pattern  (Vests  2503C7C 
Through  25G3C11C) 


635 

CONFIDENTIAL 


CONFIDENTIAL 


1’ui\  -  Ort  a  I  F- 1  An  Mao  q  1  a 

»*••>»  '  »  WW  *»» 


f&\ 

\y/ 


1  ii/i  1  j  nit  Kt  IX  {  nil  I1  fn  1  I  —  it  1  h 

»/HV  It  *■{)«•  vr»  W  Ik  Ql  »  V  f  ] 


I-  <  nn 


h&rdw  >te  Indicated  that  the  two-poaitlon  concept  was  feasible. 


(C)  The  testa  showed  that  retracting  the  secondary  nozzle  toward  the 
throat  produced  stable  separation  during  soo'Jcvtil  operation  and  pro* 
_vitM  Significant  gains  in  porform-incc  at  low  Ahumber - 1 o-amb lent 
prcBoutb  ratios,  Translation  of  the  nozzie  to -the  viosocf  position 
-irts  smooth  and  provided  satisfactory  performance  at  high  pressure  ratios, 


(G)  Eleven  250K  staged -combust ion  tests  were  performed  , with  the  fvo- 
pesltlon  nozzle  counted.  The  nozzlo  was  Auciosafuiiy  translated  to 
the.  closed  position  and  open  -loalti«?=3t:jtigh  pressure; rtscioe  'ng 
eight  cf  those  trees,  Figure  60?  illustrates  the  relationship  c- 
nozvle  trand  ion ,  pressure  ratio,  and  secondary  airflow  during  a 
typical  test,  Eeaij.nchmnnt  of  the  primary  gas  stream  to  the  secondary 
nOH^tt  sfirt  did  xC\i  occur  until .n  significantly  high  pressure  ratio 
was  aWtnod, l! Figure  608  shows  the  wi  ll  static  pressures  and  tumpqta- 
tures^i  the  sneonenry  nozzle  dur lug  the  start  transient  of  a  typical 
luster  Vigor e  6,09  shows  the  favorable  agreement  between  actual  apd 
theoretical  Cv3lata  with  the  aocondiir ^nozzle*  in  both  the  open  position 
and  doped  .position.  Figure  fill)  gt®wg  the  favorable  agreement  between 
theoretlinkwaiy  static  pvr  esuyos  and  those  actually  measured  on  a  v 
typical. test  wjr.h  fhe  nozzle  extended, ’  ..  — 


(C)  The  two- p a s (F  s til u l <■  s ri  steel  (AXST  34?)  regeneratively  cooled  pri¬ 
mary  nozzle  (t}.  ■*  2d)  was  tested  duryttg  uesi  s  No.  250SG/C  through 
25QgC*  (%■  •  .-Tiit  r-nzpie.  demonstrated  Cnnct lor.nl  ability  jind  Mut ablltcy., 
Mo?, do  c&pton.t  wosr-l;^- apt lvr.i4edf-  «is:b  J;lows  remaining  apjpnoxissfttVjP 
40>r'dbovii  dodgh,'  ‘lio^iveri  valuable  test  data  were  obtained. 

_  i  »  i  r 

Comtfrsidon  Stabili  ty  Teats  .  .  . 

(U)  Truck  word  conducted.. to  verify1,  -eombustioT  sbahLlii;y.pi:  the  full* 

_ scale  2S0R  staged -combustion  UmiSt  chamber.  Hardware  uged  in  these  : 
teats  Included!  (1 )  the  backup  pro burner  in  lector  modi.fi.Cjt  to  Incor¬ 
porate:  dciruytcr -rotnt ihg  sccohdaVy  pawsUges,  (2)’ the  designed  main 
Injector-;  (3)  the  mpln  chamber  hardware  fabricated  Anti .modified  for  _ 
fhene  t-csta,  as  .dopcrinod  in  paragraph  0  of  this  Section,  and  (w)  the 
nhoctmeta\  primary  nozzle  and  the  secondary  nozzle  that  was  instilled 
and  positioned  open  (retracted)  for  tests  Ho.  250GF20  and  250GP3C, 


(0)  Combustion  stability  of  the  Cull -scale  main  chamber  hardware  was 
verified,  Both  40-  and  80-grsin  charges  were  fired  during  three  tests, 
wltlud  maximum  overpressure  of  13  it  pal  and  s  max imunrxlnmp ing  lime  of 
8  ..ill  lUvcor.d.,,  of  '.’omhusMon  at  ability  ovrr  the  mixture 

ratio  and  thrust  ranges  was  accomplished  by  testing  at  nominal  values, 
of  2 (U,  thrust,  r^,  *  5.9,  r0  »  5.1;  100?.  thrust:,  ?{nj  *  6,7,  r0  *  5.4; 
and  1007,  thrust,  ir{r, j  *  8,5,  r0  »  6. ,5.  A  summary -of  chamber  conditions 
is  shown  in  table  Lit,  (Pressure  transducer  responses  depend  on  loca¬ 
tion  relative  to  the  pulse  gun  as  well  as  charge  size.)  Figure  All 
shows  the  ^location  of  the  pressure  ‘rangducers  and  the  pul so  guns. 

-  -  - - 
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CC)  Of  a  total  of  six  testa  conduc tad,  three  were  soi^ietejty  auccesefyi. 
ihe  second  test,  23CCPiCt,  was  conducted  at  a  steady-etato  chamber  ??ea- 
aura  of  602  pais.  A  taax£«»  overpressure of  ISO  pef  «ae  reaornad  and 
doping  was  sccoepUshfd  within  7  aUliaeccads.  •«£  rijjw  the 

pressure  di.t#  recorded  during  thiu  tint*  Xhe  f*fth  £©i.| ,  25GGi'2C» 
was  conducted  at  a  steady-stata  chasdjsrnpreesurh 3028 -pftj.  a* 
shewn  in  figure  613,  the  sax'-au*  ovarpreaeur*  indueed^aa  131.  Pf *•  $nd 
all  oscillations  ware  dashed  within  7  KllW:sad$nd«fc  teat  No,  2S0d?3G 
demonstrated  a  iixlsa®  damping  Use  ofr  8  minis?conda:_and  a  ^ximtta 
overpressure  of  V43  pai  whan  the  80-gr4in  charge  w,'i  fired  at  a  cham¬ 
ber  pressure  of  2666  paia.  1’ho  firing  of  the  40-grain  charge  was  unde¬ 
tected  as  shewn  in  figure  614* 

(U)  Figure  613  shows  the  pressure  recording:©?  thy 

Cron  win  cbssbsr  till  thvoujh  rtuMmm  for  <M0MC.  tt  * 


eats  conducted. 
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Figure  615.  Teat  230CP1C  Dynamic  Pressure  Data  FD  23022 
(2tfX  Thrust,  r£nj  «»  5.37,  r0  «  5,11) 

(U)  The  third  test  was  advanced  to  shut  down  at  100%  thrust,  but  prior 
to  pulsing,  by  a  low  QHg  coolant  &V  resulting  frost  high  leakages  paat 
axial  0-ring  seals  between  the  film  coolant  ring  and  chamber  shell  and 
between  the  steel  shell  and  copjnr  section,  as  shown  previously  in 
figure  587.  The  leakage  significantly  reduced  the  fiow  through  the 
film  coolant  inlet  annulus  by  exposing  alternative  flow  paths,  and 
eroaion  of  the  aolid  copper  liner  section  resulted.  The  coolant  supply 
flow  rate  was  increased  by  30%  for  succeeding  teats.  Additional  eroaion 
of  the  copper  section  occurred,  but  the  hardware  was  adequate  for  con¬ 
tinued  testing.  Figure  616  shews  the  chamber  prfer  to  testing,  and 
figure  617  shows  the  condition  at  tho  conclusion  &S  the  tests. 


a  *»«<acc  «•««)•»•  ASJCT- 

g*  Ag3ff  i.  F&JLU^i  AW?  #SW 

i,  T§«i~?«ciliEiss 

(C)  ?h®  S»0  sent  s^wd,  eg  (shewn  in  £igu?§  618 s  w®s  provided  by  United 
Air n rale  flo?gS2ft|ien _t~  support  ch*  Fhs  a*  l  la li«se$la  pythurse?  and 
fig^n-;4ofc^ahM.a»>yf  fepftfe  pyAgraaa.  fhs  addition  of  this  istrss  capacity 
preesufisod  2eaii.??v  to  the  existins  FftBC  facilities  silowed 
testing  of  SSOKthrusfc  yrshurassre  at  pressures  gseater  ^nan  5000  pat. 
Tbs  facility  eeaaigted  ef  a  2400»gaiiAn,  6600-psi  hydgrge r.  t«s*k»  and 
s  iOOegs^'E^j  $ 6j0;p si_uwy§gn  £*sb-  fksse  liquid  ?un  ^smks  were 
-^watrutliffo-ni^n  nydrogsn  'fend  s aeeoua  ^nitrogen,  supplied  fro® 

§§V«ta  saOO-jjsi:  flinders  with  s  total  storage  vslum®  of  4135  cubic  ft* 
She  facility  included  twin  lOi^-gsi  hydrogen _§se  ecs^ressdrs  and 
i0fOOO-pgi  nitrogen  vgporiser  pus^s  fs*  chaste*  the  tank  pressurisfi* 
Sian  bottles*  ^hs  liquid  an d  gaa  -?^ng  the  2 3 OK 

thrust  proburn®?  at  design  opera tins  pressure  for  7  ascends  and  stagsi*- 
y<sa«bucfcion  tfoste  fpr  15  secondt,  fhs  thrust  ^ssurosnt  gystsa  s;«s 
sited  £©?  350£  thruat  and  alloyed  aeoursts  thrust  vsaauresent  with  a 
precision  erPof  of  isae  than  £  i\  over  &  10  to  I  ?hsust  r@«is«  A 
liquid-gea  mLsas  vee  brovidedTte  supply  hydrogen. *6  vh *  rig  at  any 
ter^ssture  bstweea  t  .  r>  o£  liquid  hydregon  and  p^os  tessssrsture  to 
siesuiate  angina  operating  conditions «  2r»  additiiA,  asperate  hydrogen 

gyatssss  ware  evsilafele  for  efsaeb^*  snd  no$a'&  o  ^lsntg,  Control  of 
proponents  to  the  teat  rig  wse  sicompliahed  u*if.g  23  eiecerehydrauHc 
soesorcif.i  control  valves  in  ths  gp.s  and  liquid  gyas§®s.  Tnkei  con- 
trol  vaivoe,  many  of  whish  were  in  tiaraUfel.  lowed  frr  a  pressure- 
flaw  control  rsnga  of  450  to  1.  - 

(U)  The  facility  control  eysfees  was  based  around  fen  dialog  computer, 
allowing  fa?  closed  loop  control  of  the  ftlsoferohydraulle  .servovalves, 
clue  associated  csgfchsaatieai  salutation  and  nonlinffif  function  gonar- 

itietif  The  eespy&ftr  syetera  consisted  of  the  followi«|  coseenentg? 

\  ' 

200  GosSficient  Fotgntioshtore 

ISO  Phiibrick  SO  operational  Amplifiers 

20  2.41  Multiplier 6  -■-" 

26  Variable  Diode  Function  Generators 

26  Voltage  CifespaVaters 

l  J&3  Digital  Vo*  taster 

l  nm  Digital  printer 

l  t$U  Digital  Frequency  Counter 

24  Astrodsta  Differential  AspUfioi'z  ? 

1  Vids?  VoU»At»tO"Fvequcn«!y  Converter 
l  Wavitek  Function  Ganarator 
5  Vidar  Fraquancy-to-Vcltaga  Converter? 

I  HP  Dual  Trace  Oscilloscope 


?*gu»9  118.  E-8  High  Pressure  test  Facit.ty 
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(y)  Terf-;  program  evanta  were  controlled  iv  cnet?b  ironic  difeiidl _ 
sequencer.  Thin  unit  converted  a  conatsnL  frequency  pulse;  train  into 
time-controlled  switch  cpatatlona  according  so  agram 

aeq«onc.e.  These  switches  could  fee  operated  in  sac  lea, ^pamS  isl„  <?i«- 
sadjr.  Snd  fctee-dqlayed  sequence.  Event  timing  cwuld  br.  ^titeduiad  in  l 
sillithiaond  intervals  on  ony  ofie  of  60-roloy  chanhtla  betiet«;  th»  time 
limits  of  £  94^,999  sec.  in  conjunction  with  thu  analog  Lqo\putsr,  tho 
sequent  provided  for  pre-  and  poat-firinp  valve  eparatior./  initiation 
and  gfeitdown  of  test,  and  timing  of  controlled  parametric  changes 

-‘.hO  etelv~-Ths  scqiiosrjs?  ysa  programnd  to  interrogate*.  in  con- 
juncti.cn  with  voltage  eaespar.ftorn,  certain  parameters  at- specific  time 
interMVs,  end  thus  provided  a  go/nc*go  indicsticn  for  cqt  tsBC  to 
prseq^ij  advened  to  a  preprogramed  cot-trol^d  showdown.  >ir.  abort,  - 
Thia  mgino  parameter  interrogation  system  baa  proved  i4*»nlu«iblo  in' 
the  efotaaeilen  ^f  tig  hardware  from  damage  beaauee  of  program  error, 
con  si  oiler  or  valva  malfunction. 

(0)  Central  syst^gs  input  es  wall  as  data  recording  wore; handled  through 
a  200-chamii«l  digital  data  system  with  a  sampling  rate  of  6666  samples 
per  second.  The  transmission  end  signal  conditioning  vyatiss  had  the 
capacity  to  handle  the  following: 


Preeaurna.  (individual  power  supplied) 
Thrust 

Resistance  temperature  bulbs 
ftps  and  £\aw 


72  channels 
12  channels 
24  chthr.ele 
It  channels 


i'u 
L*V  - 


2.  2508  Tost  Procedures 


(UJ  The  high -pressure  250K  thrust  level  sr.ftgeu-eccoUBtion  tecta  were 
conducted  In  the  pressure-fed  g>8  teat  st«mo  tn  the  Rocket  Test  Area. 

The  steged-ceebuatioA  control  block  diagram  is  shown  in  figure  620. 

A  60-chonnoi  digital  sequence  wag  used  for  teat  sequencing,  and  a 
160-ayp lifter  analog  computer  wag  use  i  to  provide  propellant  run  valve 
rasping.  A  diagram  of  the  test  sequence  was  provided  previously  in 
figure  6C0. 

(U)  Pilot  ignition  gaseous  'utygen  and  hydrogen  was  provided  to  the 
main  burner  and  preburner  torch  ignltera  simultaneously  from  sources 
at  approximately  i>00  paia  for  gaseous  oxygen  and  100  paid  for  gaseous 
hydrogen.  Flows  were  controlled  by  small  choked  orifices  in  each 
of  the  supply  lines.  Ignition  wee  initiated  in  the  torches  by  a  spark 
plug.  Satisfactory  ignition  wan  sensed  by  thermocouple  probes  inserted 
into  both  of  the  torch  igniter  combustion  chambers.  If  satisfactory 
Ignition  was  not  sensed  during  a  prescribed  time  interval  of  the  test 
sequence,  the  test  was  automatically  advanced  to  shut  down. 

(C)  If  satisfactory  ignition  was  verified  for  the  prescribed  period, 
preburner  oxidisor  was  allowed  to  enter  the  injector  by  opening  the 
rig  flow  divider  valve.  Fuel  flow  was  introduced  to  the  rig  by 
opening  a  remotely  operated  stand  valve.  The  pt ''.burner  pump  simulator 
valves  were  poaition-ramped  to  a  7%  flow  level.  Gaseous  oxygen  for 
pilot  ignition  was  supplied  to  the  main  injector  through  choked  orifices 
that  regulated  the  flaw  rate.  The  flow  ~<t  introduced  downstream  of 
of  the  mixture  ratio  valve,  which  was  bL*  •  closed  at  this  point. 

(U)  Tho  gaseous  nydrogen  transpiration  coolant  for  the  main  burner 
combustion  chamber  was  supplied  directly  from  high  pressure  storage. 

Flow  us®  controlled  by  an  eloctrohydraulic  valve  in  tho  coolant  supply 
line,  which  was  controlled  by  the  differential  pressure  across  tho 
coolant  liner, 

(C)  While  7%  preburnev  flows  wore  being  established,  the  chamber  coolant 
by^asa  valve  was  opened  on  poaition  control  and  provided  coolant  for 
this  initial  ramp.  The  main  chamber  coolant  valve  was  lator  switched 
to  A?  control  and  rasped  along  with  main  propellant  flow  rate. 

(C)  After  stabilisation  at  7%  preburnor  flow  rates,  preburner  fuel  and 
oxidise*  pump  simulator  valves  were  switched  to  flow  control,  and  the 
frbt*  control  was  us"d  to  retap  preburner  valves  to  a  20%  flow  level. 

When  tiw  preburnet  -w*  flow  level  was  reached,  main  burner  liquid  a-sti- 
flow  was  allowed  to  enter  by  owning  the  mixture  ratio  valva 
while  stepping  the  main  chamber  pump  simulator  valve  to  a  position 
required  to  deliver  the  20%  flow  rate.  After  stabilisation  at  the  20% 
flow  rates,  control  of  the  main  chamber  pump  simulator  valve  was 
switched  to  flowmeter  closed  loop  control.  Using  the  computer,  flow 
was  ramped  in  conjunction  with  the  praburaer,  The  shape  of  the  flow 
t  maintained  the  desired  propellant  mixture  ratios  in  the  pre- 
bursa?  and  ©sin  burner,  Mixture  ratio  excursions  were  accomplished  by 
racing  tbs  individual  liquid  oxygen  and/or  fuel  flow  rates  to  the 
required  set  points  for  the  desired  mixture  ratio-, 


Figure  620.  StAi^ii'-CoaTmution  Control  Block  OjiagKO* 


cu)  After  stabilisation  at  the  iOOt  thrust  level,  tho  tsraaela ting  noasle 
was  extended  for  high  area  ratio  expansion  data  points. 

(U)  Shutdown  iron  any  chamber  pressure  level  w*8  achieved  by  closing 
ail  liquid  pus|?  sls&lato?  valves  at  tho  saxiBua  clou  rate?.  Gaseous 
hydregen  wag  §iigplied  to  the  prebumer  injscter  during  shutdown  to 
maintain  a  fuel -rich  condition, 

(U)  Critical  parssaters  in  cho  teat  wore  gsaitusfed  sash  ssnunlly 
and  by  the  m& tie  advance  ayat«».  ibs  automatic  system  would 

advance  s  test  to  an  isseidicte  shutdown  if  a  critical  parameter  exceeded 
prasot  Halts.  'This  wee  done  by  causing  the  digital  sequence  to  step 
to  the  ftegfaited  shutdown  tirans,  bypassing  the  regaining  portion  of  the 
test  prdgra®.  '-ehen  activated  manually,  the  syaica  operated  in  the 
3855a  manner. 
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Edward?  Air  Force  Base,  CullfctnU  93323 

m/” 

Reference}  (a)  PWAFP  67*11,  250K  High  Performance  Reusable 

Gxygan/Hydjogsn  Rocket  En glee,  dated  21  August  19n7, 

tifc , 

[b)  *PWAFR«1310#  Components  De* ip {.  Handbook,  Advanced 

Deveio pment  Program  lot  a  High  Per/ )rn.*v.«  Oxygen/ 

•  Hydrogen  Rocket  Engine,  daieOO  June  1966. 

,0  VS  g  C>£.  ta(c)  PWA  PH-191 1,  Quarterly  Report  No,  1 ,  Ad*  anted  Cry¬ 
ogenic  Rocket  Engine  Program  Staged  »  Cumbustiur. 
Concept,  4at»?4  June  1966. 

fj/£  ’ 1 

(4)  'PWA  PK-1928,  Quarterly  Report, No.  1,  250K  Thrust 
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«  • 
’’  The  U,  S,  Patent  Office  has  i«fiuedra4Secr«cy  Order  with  a  modifying 
•'Security  Requirements  Permit"  against  United  Airpsaft  Corporation's  U,  S, 
Patent  Application  No.  .7.25,954,  entitled  Slot  Swirter.  Injector  Element. 
This  Secrecy  Order  relate#  to  &  s t ogle' throttj&ibl#  tfcjfc o t*on  element  tha,  pro 
vidoa  a  wide  range  of  throvUegblUty,  V*a«  aitJidVtned  that  ihe  referenced 
documents  ebuta/n  !nfs>n‘,atlon  relating  tv>  tl \%  " 
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Mrs.  Mary  Ratov'rh 
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A  "Security  Requirements  Permit"  limits  disclosure  of  thu  subject 
matter  involved  to  th»-  soiurity  requirements  of  the  Government  contract 
ufhich  imposve  tin*  hlgncxf  knul  of  security  classification  thenon.  The 
highest  level  of  security  classification  on  the  subject  matter  of  this  app.'i  - 
cation  is  "Confidential"  Diarlosurv  of  the  {nvantlarf  or  any  material  in 
forma  (lor.  w*th  respect  therein  ir  prohibited  exrept  by  written  consent  cf  - 
the  CommiH sumur  of  Patents  or  as  authorized  by  the  permit.  By  statute, 
violation  of  a  Secrecy  Order  is  punishable  by  a  fine  not  to  exceed  $10,000^" 
and/or  imprisonment  for  not  more  than  two  years, 

If  thlr  invention  has  been  disclosed  to  others,  tf*«  rorip;ents  of  t'tla 
loiter  sre  requested  to  notify  them  of  the  issuance  of  the  Socr<*v*v  Order 
and  “Security  Requirements  Pern  it"  and  cf  thc>  penalties  for  violation, 

Very  truly  yours, 

UNITED  AIRCRAFT  CORPORATION 

Pratt  &  Whitney  Aircraft  Division 
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Senior  Contract  Administrator  • 

Florida  Research  and  Development  Center 
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